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SUMMARY

1. Values for total body vitamin B, , were calculated for eighteen patients by giving
a tracer dose of radioactive cyanocobalamin and measuring the radioactivity and
microbiological activity in liver biopsies obtained at laparotomy.

2. The values for total body vitamin B, ranged from 960 to 5984 ug with a mean of
2528 pg. Five values were greater and thirteen less than the mean.

3. Significant correlations were found between the serum vitamin B,, and total
body vitamin B,,, the serum vitamin B,, and the hepatic vitamin B,, and the
hepatic B,, and the total body vitamin B, ,.

Work published to date on the vitamin B,, content of the body relies mainly on calculations
based on microbiological analysis of tissues obtained post mortem from patients with a wide
Vatiety of diseases. Mean values of 2689 ug, 3900 ug and 5000 yg with ranges of 1634 to 3475
Hg. 790 to 11,100 pg and 3480 to 10,950 ug have been suggested by Kurlov (1961, 1962),
Griisheck, Nyberg & Reizenstein (1958) and Heinrich (1964) respectively, and Adams (1962)
feported a mean of 2221 ug with a range of 953-4304 ug from a combined isotope dilution and
Microbiological assay procedure.

The only report on the vitamin B, content of the body in the living subject is one by Reizen-
Stein, Ek & Matthews (1966) in which an average value of 3030 ug was obtained by kinetic
analysis of values for whole body retention, faecal excretion and plasma clearance after
Parenteral radioactive vitamin B,,. We are not aware of any other estimates of total body
‘lamin B, in the living subject and so we report here our experience with a procedure by
which approximate values were obtained by relatively simple methods in this situation.
Although limited in scope and application we believe it has a place in studies of vitamin B,
Metabolism in man.

Correspondence: Dr J. F. Adams, Department of Medicine, Southern General Hospital, Glasgow.
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MATERIALS AND METHODS

The basic principle is that of isotope dilution which assumes that, at a finitc time after ad‘mini.
stration, a tracer dose of radioactive material is distributed throughout the body in Proportio,
to the endogenous non-radioactive material. Previous work suggests that equilibratioy of
an intravenously administered dose of 100 ng radioactive cyanocobalamin with body stores o
vitamin B,, occurs 5 to 10 days after injection and that the loss of radioactive material frop,
the body between the time of injection and equilibration is of the order of 574 (Adams g
Boddy, 1968). Thus the total amount of vitamin B, in the body can be calculated by measyre.
ment of radioactivity and vitamin B, content of a suitable tissue obtained after equilibratjgy
and by allowing for the loss of radioactive material from the body.

On this basis patients referred for elective surgery were appraised of the nature of the stug,
and, after a sample of blood had been obtained for serum vitamin B, , estimation, were given
50 ng 5-0 uCi [*"Colcyanocobalamin in 5-0 ml water intravenously. At operation, which wy,
performed 6-29 days later, a wedge of liver was obtained, usually from the antero-infcrior
aspect of the left lobe, and haemostasis secured by sutures before the major procedure. The
tissue was weighed in a Stanton analytical balance and stored at —20° if necessary before
homogenization with water in a Potter Elvehjm or Silverson microhomogenizer to a volume
of 20 ml. The activity was measured in a well-type scintillation counter IDL type 663 with 3
thallium activated sodium iodide crystal, 5-5 cm. diameter and 69 cm. deep, shielded by 10
cm lead and connected to an IDL 1700 automatic scaler using three standards each containing
1-0% of the dose in 20 ml water. At least 10,000 counts were obtained from every sample. The
homogenate was then further homogenized with water in a Waring Blender to suitable dily.
tions for microbiological assay by the method of Hutner, Bach & Ross (1956) using Eugleng
gracilis Z strain as the test organism, and commercially available medium (Difco Laboratories
Inc.). The homogenate and serum sample from each patient were assayed together on at least
three occasions.

[*"CoJcyanocobalamin was obtained from the Radiochemical Centre, Amersham, two
batches being used in the study. The material was dissolved in distilled water and dispensed in
5 ml aliquots in dark glass ampoules after sterilization by Millipore filtration. The ampoules
were stored at +4°. Before use of a batch an ampoule was taken at random and the purity of
the solution tested by column chromatography using carboxy-methyl-cellulose and diethyl-
amino-ethyl-cellulose. The final ampoule in each batch was tested similarly. The rationale of
these procedures, described in detail by Kennedy & Adams (1965) & Kennedy (1967) is that
cyanocobalamin, being neutral, is not retained by either material whereas hydroxocobalamin,
which results from photolysis of cyanocobalamin (Smith, 1965), is retained by the cation
exchanger carboxy-methyl-cellulose and the ‘red acids’, which result from radiochemiczl
decomposition of cyanocobalamin (Smith, 1965), are retained by the anion exchanger diethyl-
amino-ethyl-cellulose.

RESULTS

Eighteen patients were studied, the relevant information on each being given with the essential
results in Table 1. There was no morbidity in the series. There was no evidence, by the methoas
used, that the [*7Co]cyanocobalamin solutions tested had deteriorated during storage.
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TABLE 1. Showing details of patients and essential results

. Time interval between Liver biopsy Calculated
Case Age Sex SerumB,, Disease and operation injection and biopsy Mass activity Assayable ‘Total Body
(pg/mi) (days) ® Cidose) Bia(ug) By, (up)
1 20 M 463 Duodenal ulcer—partial gastrectomy 29 37210 02389 6-1305 2438
2 4 F — Gaatric ulcer—partial sastrectomy 25 5-4507 0-3832 6-7689 1678
3] 55 M 433 Gallstones—cholecystectomy 18 4-1903 o-1979 3-8255 1836
4 67 M 191 Galistones—cholecystectomy 2 50027 02184 31650 1377
5 74 F 51 m—dmmmy 6 4-4167 0-2867 7-7263 2560
6 64 M 490 GWom—chobcym«ny | §1 2:0411 0-1017 1-0526 983
7 51 M 444 Duodenal uber—mtmenm'ouomy 15 2-5576 0-1247 20680 1575
and vagotomy .
-8 53 M 353 Galistona—cholecystectomy ' 14 2-3975 0-0644 1-6156 - 2383
9 41 F 403 Duodenal ulcer—pyloroplasty and 14 3-0041 01248, 2-5530 1948 )
vagotomy L
10 3 M 540 Duodenal ulcer—pyloroplasty and 10 41765 01878 3-9050 1975
vagotomy ' '
11 46 M 535 Duodenal u&ccr—nﬁromteroumy 14 2-2592 0-0634 2:1439 3212
and vagotomy
12 52 F 617 Choleqstitis—cholecystectomy 15 3-9550 01812 45601 2391
13 26 M 4710 Duodenal uicer—gastroenterostomy 18 27906 00715 45040 5984
and vagotomy
i 14 54 F 585 Gallstones—cholecystectomy 2 2-4200 00874 18972 2062
15 4 F 286 Crohn's disease-—resection of intesti- 20 2:2201 0-0896 0-9058 960
nai stricture
16 52 M 607 Duodenal ulcer—pyloroplasty and 29 2:2922 0-0535 33145 5886
vagotomy i
17 56 M 333 Gastric ulcer—partial gastrectomy 28 28689 0-1029 3-3508 3093
18 37 M 350 Cholecystitis—cholecystectomy 24 21527 0-0541 1-8018 3164
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The amount of radioactivity in the liver biopsies ranged from 0-0535 t0.0-383277 of the 4
and the microbiological activity expressed as cyanocobalamin ranged from 0-9058 to 77263 "
per biopsy and from 0-41 to 1-75 g/g tissue, mean 1-06 pg/g. The total body vitamin g
values were calculated from the values for radioactivity and vitamin B,, in the biopsies amm':
ing retention of 95%; of the-dose and ranged from 960 to 5984 pg with a mean of 254 e
five values were greater than the mean and thirteen less than the mean. Serum vitamin g
values were estimated in seventeen subjects (collection of the sample from one patient hm,{é
been omitted by accident) and ranged from 191 to 670 pg/ml, mean 459 pg/ml.

Significant correlations were found between the values for serum vitamin B,, in pg/ml (y,
and total body vitamin B,, in ug (y) in seventeen patients the regression equation being:

y = 6:0634 x—207-8946 (r 0-54; P <0-05)
and between the values for serum vitamin B, , in pg/ml (x) and hepatic vitamin By in Hg/g of
tissue () in seventeen patients the regression equation being:
¥ = 0001674 x+0-2357 (r 0-53; P <0-05) )
and between the hepatic vitamin B, in ug/g tissue (x) and the total body vitamin By, in e
(») in eighteen patients the regression equation being:
y = 2250-4866 x-237-0602 (r 0-63; P <0-01).

DISCUSSION

‘The validity of the results depends on three premises. First, that the 37Co cyanocobalamiy

had equilibrated with the non-radioactive vitamin B, in the body when the liver biopsy was
obtained. Second, that the microbiological assay procedure using cyanocobalamin standards
measured the liver vitamin B, ,. Finally that the use of an arbitrary value, in this case 950,
for dose of tracer retained in the body at the time of the liver biopsy is acceptable for calcyls.
tion of total body vitamin B, , values.

Probably the most contentious of these premises is the first. There is controversy as to
whether orally or parenterally administercd radioactive vitamin B, , does, or does not, equili-
brate with the non-radioactive stores in the body. Reizenstein, Matthews & Ek (1964), Reizen-
stein, Matthews & Ek (1966) and Schiffer, Cohn, Price & Crunkite, {1968) do not consider that
equilibration occurs within a finite time and the first two groups of workers link this opinion
with the concept of at least three pools in the body. Heinrich (1964) while also favouring g
multipool system accepts that equilibration occurs but only after 240-300 days after administra.
tion of radioactive vitamin B,,. Others have concluded from studies in animals that equili-
bration occurs more rapidly (Cooperman, Luhby, Teller & Marley, 1960; Grasbeck, Ignatius,
Jarnefelt, Linden, Mali & Nyberg, 1961 ; Newman, O’Brien, Spray & Witts, 1962) and similar
conclusions have been reached from studies in man (Bozian, Ferguson, Heyssell, Meneely &
Darby, 1963; Heyssel, Bozian, Darby & Bell, 1966; Boddy & Adams, 1968; Adams & Boddy,
1968). With the exception of the time scale suggested by Heinrich (1964) the differences of
opinion about the time taken for equilibration are less contentious being related, in part at least,
to the mass of the dose given and possibly also to the species studies. In humans given 5000 ug
doses parenterally the loss of whole body radioactivity did not occur at a steady rate, which was
taken as evidence of equilibration, for several weeks (Boddy & Adams, 1968), whereas with
doses of 100 ng parenterally the rate of loss was steady after 5-10 days (Adams & Boddy
1968). .

We feel that the measurement of liver vitamin B, ,, which is mainly coenzyme B, , (Toohey &
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Barker, 1961; Stihlberg, Radner & Nordén, 1967), by microbiological assay using cyanoco-
palamin standards is acceptable, our opinions being based on the results of recovery studies
with coenzyme B, , added to liver homogenates in vitro. The values for vitamin B, , are greater
than those found by Pitney, Beard & Van Loon (1955) and Jhala & Gadgil (1960) but are

ble to those reported by Blum & Heinrich (1957), Ross & Mollin (1957), Pitney &
Onesti (1961), Adams (1962), Joske (1963), Anderson (1965) and Stihlberg et al. (1967) also
using Euglena gracilis as the test organism.

The use of an arbitrary value for the proportion of dose retained in the body at the time of
liver biopsy was based on data reported by Adams & Boddy (1968). In this study the loss of K
whole body redioactivity by normal subjects given 100 ng [*?Colcyanocobalamin intravenously :
was initially rapid but after 5-10 days, by which time about 5% had been lost, settled to a rate
of 0-1-0-2% per day. We felt, therefore, that a suitable overall allowance for loss in the time
between administration of the smaller dose used in this study and liver biopsy would be 57;.
The ideal procedure, of course, would be to use a whole body monitor to obtain a 1005 value
after administration of the tracer dose and to repeat the measurement on the day of operation
1 obtain a value for retained dose. Consideration of the values involved, however, makes it
doubtful if the results would be materially affected by such a procedure even given a monitor
with the sensitivity and performance required in such a situation. In view of the doubts,
however small, which must always attend the use of arbitrary values we regard it as prudent to
regard the estimates of total body vitamin B, obtained by this method as approximate values.

Of the correlations between serum, hepatic and total body vitamin B, , which we report, two
are novel and one, that between serum and hepatic vitamin B, ,, complements the finding by
Anderson (1965) of a correlation between these measurements in a large series of vitamin B,
deficient patients and the circumstantial evidence for a relationship adduced by Chanarin
(1969) from selected data on vitamin B, deficient and vitamin B, , replete subjects studied by
Joske (1963), Anderson-(1965) and Stihlberg et al. (1967). In his own results Joske (1963) did
not find a correlation probably because, as he states, the results were obtained mainly from
patients with parenchymal liver disease which may upset the balance between the serum and
hFPatic vitamin B, ,: We think it unwise at present to draw any conclusions from the correla-
tions other than the general consideration that the serum vitamin B, , per unit of volume, the
hepatic vitamin B, , per unit of mass and the total body vitamin By, would appear to be related
0 each other.

Whether the values for total body vitamin B, , we report can be regarded as representative of
Normality is conjectural. Certainly we have doubts about regarding a patient with Crohn’s
d'.*ﬂse as normal from the point of view of vitamin B,, metabolism and the fact that patients
'-'l.th duodenal ulcers have a higher than normal output of intrinsic factor in response to hista-
tine (Redbro, Christiansen & Schwartz, 1965) might raise doubts about this group. In this
nnection it may be relevant to note that the mean total body vitamin B, , for the seven pati-
015 with duodenal ulcers was 3288 ug and for the six patients with gall stones was 1867 ug.
These values are significantly different when analysed by the Mann-Whitney 2 tail test (P =

14) but the mean value for the ulcer patients is heavily loaded by inclusion of two very high
r.es"‘lts and when these are excluded the significance disappears (P = 0-53). Within these
tmltations and the obvious problems associated with the study of normal subjects we feel that
I,s:]";;ults at least provide material of relevance and interest in studies of vitamin B, metabo-

man,

"
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Interrelation of Serum Vitamin B,
Total Body Vitamin B,,, Peripheral Blood Morphology
and the Nature of Erythropoiesis

J. E. Apams,* K. Boppyf AnD A. S. Doucras
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t Scottish (Universities) Rescarch Reactor Centre, East Kilbride, and
§ University Department of Medicine, Aberdeen

(Received 27 October 1971; accepted for publication 18 December 1971)

SumMARy. The interrelation of serum vitamin B;, concentration, body vitamin
B,,, peripheral blood morphology and the nature of erythropoicsis was studied
in patients with pernicious anaemia. On presentation the patients were treated
with radioactive vitamin B;, and the retained radioactivity, measured by whole
body monitoring, was taken as a measure of the body vitamin B,,.

Post-treatment results suggest that erythropoiesis became megaloblastic when
the scrum vitamin B,, was between 70 and 154 pg/ml and usually when the body
-vitamin B,, was between 100 and 660 ug and that the sermun vitamin B, ; was of more
immediate importance in the nature of crythropciesis than the body vitamin B,,.

A normal peripheral blood film was no indication of the nature of erythropoiesis
but an abnormal film carried a high probability of megaloblastic erythropoiesis.
Abnormalities in blood films probably developed after abnormalities in marrow.

The correlation found between scrum vitamin By, and body vitamin B,
differed from that found in controls and the mean quotient of body vitamin B,
and serum vitamin B, concentration was less than in controls showing that, in the
patients studied, there was a disproportionately greater amount of vitamin B,, in
serum compared to controls.

The balance of scrum vitamin B,, and body vitamin B,, may involve at least
two mechanisms and folate may have a role in both. One mechanism relates to the
release of vitamin B, from stores to plasma and the other to the clearance of
vitamin B,, from plasma.

The two most important factors which appear to determine whether erythropoiesis is
normoblastic or megaloblastic are the vitamin By, and the folate status of the individual.
Insofar as vitamin B,, status is concerned, there is evidence rclating the nature of erythro-
poiesis to the serum vitamin B,; concentration and evidence of a relationship between the
scrum vitamin B;, concentration and the body stores of vitamin By, but, beyond this, little
is known of the interrelationship of these factors.

The object of the work reported in this paper was to study this interrelationship and for
this purposc the body vitamin B,, was detcrimined by measurements of whole body radio-
activity in paticnts who, o1l presentation with vitamin By, dcficiency, had been treated with

Correspondence: Dr J. F. Adains, Southern General Hospital, Glasgow.
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radioactive vitamin B,,, the retained fractions of which were taken to constitute thej
body stores for practical purposes. _ ©s ——

MATERIALS AND METHODS-- - .~ ...

Patients. The investigations were made on 22 patients with pernicious anaemia. Because
the study involved interruption of treatment the nature and objects were carefully explained
and informed consent obtained. Most patients had presented with symptoms of anaemia by
some came under observation with symptoms suggesting vitamin B, deficiency such as
glossitis or paraesthesiae and one (Case 19) had long tract signs on presentation. Before
treatment all patients had a low serum vitamin B,, concentration and megaloblastic ery-
thropoiesis and were later found to have histamine or pentagastrin fast achlorhydria and
malabsorption of radioactive cyanocobalamin correctable by intrinsic factor.

Clinical procedures. Twelve patients were treated with a single intravenous dose of radio-
active cobalamin, four with five or six daily intravenous doses and six with two intravenous
doses at intervals of 1 or 6 weeks. Only one patient (Case 20), who was also given intra-
muscular iron, had any other treatment. After treatment patients were seen at monthly
intervals for clinical examination, blood sampling and whole body monitoring. The duration
of individual study varied from 84 to 456 days and was determined by peripheral blood
values, serum vitamin B,, concentration, the amount of the dose retained and radioactive
decay.

Radioisotope methods. Radioactive cyanocobalamin and hydroxocobalamin were obtained
from the Radiochemical Centre, Amersham, and radioactive §' deoxyadenosyl cobalamin
(coenzyme B,;) was prepared from radioactive hydroxocobalamin by Dr L. Mervyn of
Glaxo Ltd by the method of Johnson et al (1963). The cobalamins were labelled with 37Co
except in the case of six subjects who were given **Co cyanocobalamin followed by 37Co
hydroxocobalamin. Particular care was taken to avoid photolysis of coenzyme B, pre-
parations. - .

Whole body monitoring was effected using the Merlin whole body monitors (Boddy,
1967a, b). Before treatment the radioactivity due to natural potassium 40 and caesium 137
was measured and a further measurement after the initial cobalamin dose gave a value corres-
ponding to 100%; retention in those given one dose and an incremental value in those given
multiple doses. All counting rates were corrected for background, natural body radioactivity
and radioactive decay. '

Haematological methods. Haemoglobin and packed red cell volume estimations and blood
films were made at each attendance and marrow biopsy was performed at the last attend-
ance. All pre- and post-treatment marrow smears were collected and submitted to one ob-
server (A.S.D.) who had not seen them previously and who was unaware of any data, clinica!
or otherwise. Unknown to the observer, preparations of relevance accounted for only
half the material submitted, the remainder being drawn for other patients with untreated
or treated megaloblastosis not included in the study. Slides were identifiable by code number
only. Erythropoiesis was graded as normoblastic (N) or megaloblastic (M), the degrees
ranging from minimal (M) to florid (M+ + + + +). A similar procedure was followed with
post-treatment blood films which were submitted using a different code several months
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Lier. The films were reported as normal (0) or abnormal, the degree ranging from minimal
(+)to marked (+ + +).

Meastrement of total body vitamin By, In nine patients in whom relevant data were available
the pretreatment body vitamin By, was measured by the method of Boddy & Adams (1972).
After treatment the body vitamin By, was calculated in microgrammes from the fraction of
the administered radioactive material retained in the body, no allowance being made for
stotes before trcatment.

Microbiological methods. Two aliquots of serum were collected at each attendance and stored
at —20°C. One was assayed soon after collection and the other stored until the end of the
individual study when all samples from the patient were assayed en bloc on three separate
occasions by the method of Hutner et al (1956) using Euglena gracilis Z strain as the test
organism. Serum folate levels were measured by microbiological assay using Lactobacillus
casei as described by Waters & Mollin (1961). The normal range in this hospital is from 3.2

to 17.6 ng/ml.

RESULTS

Relevant pretreatment data, treatment schedules and post-treatment data are shown in Table
L Serum folate levels were normal or high before treatment and normal at the end of the
study (Table I). Iron status, assessed by amounts of iron in final marrow sections, was con-
sidered to be subnormal in Cases 2, 6, 8-13, 15-17 and 21 and normal in the others.

Clinical ‘ .
Symptoms were alleviated by treatment in all cases and did not recur in any patient during
the period of study. The long tract signs in Case 19 remained unchanged but calf tenderness

disappeared and did not recur.

Haematological :

All anaemia patients had a haematological response to treatment with rise in peripheral
blood values to normal and these were maintained during the period by all except Case 20
whose haemoglobin fell from 12.0 g/100 ml to 9.5 g/100 ml in the last 8 weeks.

Of the 26 post-treatment marrow smears erythropoiesis was judged to be megaloblastic
in 14 and normoblastic in 12 instances. In the normoblastic group the serum vitamin By,
levels ranged from 70 to 610 pg/ml and the body vitamin B,, values from 100 to 1200 ug;
in the megaloblastic group the serum vitamin By, Jevels ranged from 70 to 154 pg/ml and
the body vitamin By, values from 100 to 1460 pg, one value (Case 2) being greater than
660 pg. .

Pos%—trcatmcnt blood films were considered to be normal in 18 instances and abnormal
in eight. In the normal film group the corresponding marrow smears showed normoblastic
erythropoicsis in 10 and megaloblastic erythropoiesis in eight instances. In the abnormal
film group erythropoiesis was normoblastic in two and megaloblastic in six instances.

. et

Statistical s
A linear correlation was found between the values for serum vitamin By, (x) and body
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Tasis L. Relcvent details before and after treatment with radicactive cyanocobalamin (CN B, ), hydroxocobalamin (OH B, ;) or deoxyadenosylcobalamin (coenzyme
By,, CoE B,;). Under the heading of ‘marrow’, erythropoiesis is classified as N (normoblastic) or M (megaloblastic) and under the heading of ‘film’, peripheral blood
morphology is classified as 0 (normal) or + (abnormal). In the six cases given two cobalamins at intervals of 1 or 6 weeks the identification of the fractions rerained

as CN By, or OH By, is for convenience only and does not imply that the administered cobalimins were not converted to other forms,
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citamin By, (y) at the time of final marrow biopsy, the regression equation being y = 2.2022x
+185.6665 (r = 0.63, P<o.01)..

DISCUSSION

Two limitations are apparent in the study. The first is that the values for post-treatment
body vitamin B, are necessarily underestimates as no allowance was made for the relatively
small pretreatment stores. This had to be accepted in the absence of any other method but
in practice is not of such moment as to materially affect the conclusions. The second relates
w decisions on the normality or abnormality of blood films and marrow smears and does
not require claboration other than to re-emphasize the difficulties and that bias by knowledge
of circumstances was eliminated. ,
Whether abnormalities in peripheral blood films precede or succeed abnormalities in
opoiesis is not clear. Herbert (1962) reported that in one case abnormalities in blood
filns preceded the appearance of megaloblastosis but Eichner et al (1971) found the opposite
in two cases. Our results suggest that when the film is normal there is an approximately even
chance of erythropoiesis being normoblastic or megaloblastic but that when the film is
abnormal there is a high probability (6 in 8) that erythropoiesis will be megaloblastic. More
pronounced megaloblastic changes were found in the group with the abnormal film-

--abnormal marrow sequence than in the group with the normal film-abnormal marrow

sequence, suggesting that the latter occurred at an earlier stage than the former and that
changes in peripheral blood follow the development of megaloblastosis.

If the values from one subject (Case 2) with a high body vitamin B;; and low scrum
vitamin B, are excluded the results imply that the transition from normoblastosis to megalo-
blastosis occurs when the serum vitamin By, is in the region of 70~154 pg/ml and the body
stores in the region of 100-660 pg. The values for both serum vitamin B;, and body vitamin
B, are in good accord with previous observations on the relationship of the serum vitamin
By; to the nature of erythropoiesis and with observations on the magnitude of the body
stores in control and vitamin B,, deficient subjects. Mollin & Ross (1953) found megalo-
blastosis to occur with serum vitamin B,, levels of s0-120 pg/ml and normoblastosis with
levels of 80-860 pg/ml; further study of patients with serum vitamin B;, levels between 80
and 200 pg/ml showed that they could be divided into two groups by the presence or absence
of abnormalities in marrow smears and that the group with megaloblastic erythropoiesis
bad serum vitamin B,, levels of 80-130 pg/ml (Anderson, 1965). The values for body
viamin B,, ranged from 100 to 660 ug when one value of 1475 sg, considered later, is
excluded. These fall between the 40-250 pg range found in patients with pernicious anaemia
n haematological relapse (Boddy & Adams, 1972) and the lower limit of the 800-3500 ug
tange estimated for controls (Kurlov, 1961, 1962; Grisbeck et al, 1958; Adams, 1962;
Heinrich, 1964; Adams et al, 1970).

A correlation between the serum vitamin B,, and body vitamin B, was found in controls
(Adams ef al, 1970), in patients with untreated and treated pernicious anaemia (Boddy &
Adams, 1972) and again in this series. In the controls the regression equation was body
Vitamin B,, = 6.06x scrum vitamin B,,—207 and in this series it was body vitamin
Bi; = 2.2x serum vitamin By, +18s. The difference in regression coefficients, which is

C
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slgmﬁcant (P<o0.03), can be related to and further explorcd by the quoticnt (k) of the bod;

vitamin B,; and serum vitamin B,,. In untreated pcrmcxous anacmia the mean value fo;
the quotient was 2.97+0.82 and in the present series it was insignificantly different g
3.231+0.4s, there being no difference between the means “from cases with normoblasgj
erythropoiesis and those with megaloblastic erythropoiesis. Both these means are significandy

less (P<o 0s) than the 5.6610.59 in controls. The difference cannot be due to the entry of !

vitamin B,; from gut to plasma, which has been considered to be a factor in the maintenanc,
of serum vitamin By, levels (Chanarin, 1969) as this would give a higher k value in patieny,

with pemnicious anaemia when compared to controls. It therefore suggests a fundamentsj

difference in the metabolism of vitamin By, by patients with pcrmcmus anaemia and by
controls and implies that thereis a dlsptoportlonatcly greater fraction of vitamin By, in serum

in pernicious anaemia, i.c. that the serum vitamin B,; level is maintained at the expense of -

stores. This was suggested by Mollin & Ross (1953) but was queried by Booth & Spray
(1960) and Simnett & Spray (1962) after observations on gastrectomized rats. In patients with
pernicious anaemia we found that when treatment was withheld the serum vitamin B,,

4

(Boddy & Adams, 1972). Although this could be interpreted as evidence against the concep:

evel declined at an insignificantly different rate from the body vitamin B,; in most casey

of maintenance of serum level at the expense of stores it does not disagree with the present -

findings because changes in the quotient developing over the years between normality and
vitamin B,, depletion would not have been obvious in a shorter time of that study.

An unusually high quotient (k) of body vitamin B,, and serum vitamin B,, could occur
as a result of two different mechanisms. One would be unduly rapid clearance of vitamin
B,, from plasma and the other failure to release vitamin By, from stores to plasma. The first
mechanism was considered to be responsible, in part at least, for the unusually high & value
found in Case 2 (Boddy & Adams, 1972) who is also notable for reasons to be discussed latcr.
Unduly rapid clearance of vitamin B,, from plasma might be a factor in the decline in serum
vitamin B,, levels during normal pregnancies (Heinrich, 1954; Boger et al, 1957; Okuds
et al, 1956; Zachau-Christiansen et al, 1962; Ball & Giles, 1964), the rapid clearance being
dictated by active transport of vitamin B,, from maternal to foetal plasma as suggested by the
higher levels in the latter, both when the maternal level is normal (Killander & Vahlquist,
1954; Boger et al, 1957; Okuda et al, 1956) and low (Adams, 1958).

There is no evidence to support the existence of the second mechanism—failure or depres-
sion of release of vitamin B,, from stores to plasma—but it merits discussion because it may
have relevance in other areas. Firstly, the situation in which the serum vitamin B, level i
low when it is unlikely that the body stores of vitamin B, , are depleted; for instance in folate
deficiency states and in which therapy with folic acid is followed by a rise in serum vitamin
B,; level to normal (Mollin & Ross, 1957; Johnson et al, 1962; Mollin et al, 1962). The low
serum vitamin By, levels in such situations might be explicable on the grounds that folat:
corrects impaired relcase of vitamin By, from stores to plasma either indcpendently of, orin
association with, folate induced correction of unduly rapid clearance of vitamin By, fron
plasma Sccondly, and on this basis, the mechanism might be relevant to the problem ¢t
vitamin By, and folate interrelationship in pernicious anaemia, the hacmatological respon%
to folate being due, as suggested by Narayanan et al (1956) and Will et al (1950), to “squcezing

of vitamin B;, from stores to tissucs possibly by an effect on membrane transport mechanisms

o A
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Whether the serum vitamin B, or the body vitamin B,, have an equal role in determining
t:e nature of erythropoiesis or whether one is more important than the other has not been
nublished. The finding of a correlation between the serum vitamin B,, and body vitamin
8,, in control subjects (Adams et al, 1970) and the observation that the serum vitamin B,,
1nd body vitamin By, decline in parallel in most cases of pernicious anaemia when treatment
s withheld (Boddy & Adams, 1972) suggests that both have an equal influence. There are
wme indications that this may not always be so.

Treatment of patients with pernicious anaemia in relapse with 1 pug cyanocobalamin
Aily by injection causes marrow reversion in a few days when the body vitamin B,, would
i¢ little altered and this reversion is associated with changes in the serum vitamin B, level
Mollin & Ross, 1953). In addition, when patients with pernicious anaemia in relapse are
vcated with single parenteral doses of 100 u g cyanocobalamin, erythropoicsis becomes normo-
thstic but reverts in about 2 weeks; not only is the nature of erythropoiesis again associated
with changes in the serum vitamin B, , level (Mollin & Ross, 1953) but it seems unlikely that
more than part of the retained dose could have been utilized if this had proceeded at the
equilibrium rate of 0.1-0.2% of stores per day (Adams & Boddy, 1968, 1971; Boddy &
Adams, 1968). However, if the rate of utilization of vitamin B, for erythropoiesis is about
-10 pug/day (Boddy, 1971) this would also be compatible with marrow reversion of this
duration and with the minimal changes in body stores. An example of this situation occurred
a2 Case 20 who had a relapse with megaloblastic erythropoiesis and a serum vitamin B,,
kvel of 73 pg/ml while retaining about 80 pg more vitamin By, than in initial relapse. From
this it might be suspected that the serum vitamin By, level is more immediately important
tun the body vitamin B, in determining the nature of erythropoiesis and this suspicion is
tharpened by the results in Case 2 who was found to have megaloblastic erythropoiesis
witha serum vitamin B, , level of 134 pg/ml although the body vitamin B,, was in the control

. tange at 1475 ug. It is relevant to note that this patient not only had an unusually high

pretreatment body vitamin B,, but that the fall in serum vitamin B,, after treatment was
wduly rapid when compared to the fall in body vitamin B,, (Boddy & Adams, 1972).
Taken together these findings constitute evidence for the serum vitamin B,; being more
mmediately important in determining the nature of erythropoiesis than the body vitamin

2 It is, of course, to be written into the case that the serum vitamin B, and hence the
2ature of erythropoiesis are governed in turn by factors such as the release of vitamin B,,
%om stores via plasma to the erythropoietic system and the clearance of vitamin B,, from
slasma,

The results of this and other studies emphasize that the relationship between serum vitamin
%; and body vitamin B,, is one which may vary considerably depending on a variety of
Actors, For this reason it is unwise to assume that the serum vitamin B,,, although valuable
a relation to the nature of erythropoiesis, is an index of the body stores of vitamin B,, in
5f¢ absence of knowledge of factors which are summarized as the quotient of the body
Ntamin B,, and serum vitamin B,,. ' : :
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Hemoglobin levels, vitamin B ,, and folate status

in a Himalayan village'-?

. . r . N Lo
William H. Adams,> M.D., and Santos Man Shresta,® M.B., B.S.,, MR.C.P., D.T.M and H.

The difficulty of access in the high Hima-
layas of Nepal has hindered understanding of
“potential nutritional problems that may beset
the inhabitants of this area. The large number
of persons who live at high altitudes throughout
the world and the necessity for research in such
.areas has recently been emphasized (1). A
preliminary survey for hematologic abnormali-
ties carried out in April 1972 by one author
(WHA) among the Sherpas living at 13,000 feet
near the base of Mt. Everest suggested defi-
ciencies of either folic acid or vitamin B, . This
was surmised from fresh - peripheral blood
smears from 67 subjects, mostly school-age
children, of whom 25% had definite polymor-
phonuclear hypersegmentation. To determine
the significance of this finding, the following
study was undertaken.

Subjects and methods

In October 1972, blood specimens were collected
from 52 adult inhabitants of Tibetan ancestry in the
Himalayan village of Lang-Tang, altitude 12,000 feet,
located approximately 60 miles nortlr of the capital of
Nepul, Kuthmandu. This number of specimens in-
cluded almost 20% of the village population. The time
of this study was during the main harvest season in the
Himalayas.

Non-anticoagulated Vacutainers were used to col-
lect serum for B, , and folate assays. ETDA anticoag-
ulated specimens were used for determinations of
hemoglobin, hematocrit, mean corpuscular hemo-
globin concentration (MCHC), reticulocyte count, and
to prepare hemolysates for red cell folafe levels.
Euglena gracilis and Lactobacitlus casei were used for
bioassays of B, , and folate, respectively, with red cell
hemolysates for folate assay from 45 subjects prepared
according to the methed of Hoffbrand (2). In
addition, mitk samples from the yak, a bovine capable
of living at extremely high altitude, were frozen and
similarily assayed, the B, , assay being performed with
and without papain digestion.

Results

The vitamin B,, and folate values obtained
from humans are presented in Table 1. Only
one subject, a 25-year-old female with a-

hemoglobin of 12.75 g/100 ml (#45) had a
significantly low By,. Information as to
whether she was pregnant (a cause of low serum
B,2) was not obtained. This subject also had a
low MCHC. All serum folates were normal
except for three whose levels were between 5
and 6 ng/ml (an indeterminant range (3)). Six
subjects had red cell folates below 150 ng/ml,
the lowest being 116 ng/ml. However, all but
one of these had normal serum folate levels.
The B, and folate content of yak milk are

"presented in Table 2.

Mean hemoglobin values and one standard
deviation for adult males were 16.8 = 1.4 ¢g/100
ml and for adult females 14.5 £+ 0.7 g/100 ml.
Subjects with a low MCHC or anemia as defined
by the World Health Organization at sea level
(3) were excluded from these calculations. Only
three (6%) of 52 subjects had an MCHC below
32%. Except for one subject with severe
hypochromic anemia, reticulocyte counts were
normal. Hemoglobinopathies and thalassemia
were not encountered (4).

Discussion ~

The staple_foods in this village included
potatoes, buckwheat, and greéen végetables such
as mustard greens, radishes, and nettles. Po-
tatoes were boiled -and-skinned before eating.

Buckwheat flour is cooked in a variety of

methods, occasionally with the addition of hot
peppers. The common alcoholic beverage,

'From the Johns Hopkins University Center for
Medical Research and Training, P.O. Box 900,
Kathmandu, Nepal.
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“chang,” is prepared from fermented grains,
and is drunk by all except the very young.
Chicken, mutton, or yak meat are an uncom-

TABLE 1 :
Vitamin B, , and folate levels in Lang-Tang
Village, October 1972 3

I

Serum Erythrocyte
Subject Serum B,,, folate, folate
no. pg/ml ng/ml ng/ml
1 640 140 300
2 600 . 94
3 600 165
6 480 6.3 304
9 576 12.2 289
13 220 8.1 235 .,
16 320 9.1 310 .
17 160 6.2 .
18 344 5.6 206
19 240 13.8 289
20 152 70 182
21 416 8.4 354
22 320 8.8
23 320 123 216
24 400 16.5
25 452 8.0
26 200 13.8 365
27 172 20.5 263
28 400 10.0 245
29 580 11.0 202
31 - 172 8.1 277
32 360 122 265
34 552 10.0 337
35 416 12.2 282
36 480 113 328
37 416 13.8 527
38 232 10.0 219
39 1,840 20.0 320
41 520 10.5 149
42 520 9.1 414
43 320 12.2 :
44 360 15.0 324
45 128 84 163
46 172 11.3 180
48 288 40.0 240
49 430 12.3 342
st 320. 15.0 217
52 328 9.0 119
53 208 10.2 297
54 552 1.5 328
55 344 6.7 182
56 504 52 145
57 760 7.1 116
.58 500 7.6 294 .
59 300 8.1 160
60 600 7.6 242
61 552 6.7 153~
62 560 - 10.2 177
63 452 84 123
64 580 1.5 250
65 552 6.4 126
66 416 5.6 183

“is similar to cow’s milk; ie.,

. ADAMS AND SHRESTA

TABLE 2

Vitamin B, , and folate content of yak milk .
Amount

Folate 31 pgfliter

B, ,, plain 6,870 pz/ml

B, ,, papain digested 7,270 pg/ml

mon but welcome addition to the diet. How-
ever, the value of these animals as a source of

* eggs, wool, and milk usually prevent them from

being slaughtered for meat. In addition, there is
an element of Buddhist cultural bias against
killing of animals, although these people were
not vegetarians. Milk availability fluctuates
seasonally, and because of the economic advan-
tage in selling milk to a local cheese factory for
export, further curtailment of milk supply to

' _ the villagers probably occurs.

The By, content of yak milk (although the
correct terminology for a female yak is “nak™)
approximately
6,000 pg/ml (5). However, the folate content
was only 31 pg/liter, as compared with almost
55 pgfliter for fresh cow’s milk (6). As all milk
consumed by the villagers was boiled before
drinking, this undoubtedly decreased the folate
content further. The butterfat content, on the
other hand, is 7 to 9% (7).

Despite the apparently restricted dietary
status of the villagers studied, there appeared to
be no evidence for significant B,, or folate
deficiency at the time of this study. Thus, the
authors’ preliminary observation of neutrophile
hypersegmentation noted among inhabitants
living near Mt. Everest that suggested megalo-
blastosis was not substantiated by specific B,
and folate assays in a similar high altitude
village. However, the former observation was
made in April and the latter in October. Thus,
the possibility of significant seasonal variation
in availability of By, and folate, especially the
latter, remains to be evaluated. Nevertheless, it
seems unlikely that scasonal deficiency would
be an etiologic factor causing anemia in this
population. Serum B,, levels were, with one
exception, normal. The liver stores of vitamin
By; are considerable, and their depletion, by
virtue of enterohepatic circulation (8), is slow.
Indeed, the statement has been made that
megaloblastic anemias due to “uncomplicated
dietary deficiency of vitamin B,, have yet to
be demonstrated in man” (9). Similarily, red
cell folate levels, an indicator of tissue folate
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HEMOGLOBIN LEVELS, VITAMIN B,, AND FOLATE STATUS

stores, did not suggest a significant relationship
to anemia, as 133 days of almost total dietary
deficiency of folate are required to produce
early megaloblastic changes in a normal subject
(10). ¢

Nevertheless, hemoglobin levels were con-
siderably lower than one would expect for
subjects living at that altitude (11, 12). How-
ever, only 6% had a low MCHC, indicating a
minimal problem with iron deficiency, and a
generally adequate level of nutrition of the
“population is supported by simultaneous an-
thropological (height versus weight) measure-
ments made of approximately 20 young chil-
dren in the same village (H. Zeigler, unpub-
lished observations). The only gross deficiency
found, and one in common to mountainous
areas of Nepal in general, was that of iodine.
Goiters were ubiquitous, and clinical hypothy-
roidism, deaf mutism, and cretinism were occa-
sionally noted. Possibly subclinical hypothy-
roidism may have some bearing on the lower
hemoglobin levels, but further investigation is
required. It is possible that genetic factors are
involved. If subsequent evidence suggests this is
the “case, then one must question whether
“normal” hemoglobin values for man can be
universally applicable, even when one considers
the effect of altitude.

Summary

A survey of 52 adult inhabitants of Tibetan
ancestry in a village located at 12,000 feet in
the Nepal Himalayas revealed lower hemoglobin
levels than that reported for populations living
at similar altitude elsewhere in the world.
However, serum B, 2, serum and red cell folate,
and mean corpuscular hemoglobin concentra-
tions gave no evidence for megaloblastosis or
iron deficiency as a cause of anemia. Although
the role of other deficiencies such as iodine

i
remains to be evaluated, present data do not
suggest that the lower hemoglobin values found
are indicative of anemia in this population.

The authors wish to express their appreciation to
Dr. B. R. Baidya, Director General, and Dr. N_ K.
Shah, Chief Epidemiologist, His Majesty’s Government
of Nepal, Directorate of Health Services, for their
approval and assistance of this study. The kindness of
Dr. L. Paudayl, Superintendent, Central Health
Laboratory, is also acknowledged. In his facility alt
technical procedures were performed except for the
B, , and folate assays.
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Methyl transfer from méthyl vitamin B, ,

T -(."_va; [ il -

G AGNES, H.A.O. HILL, J.M. PRATT, S.C. RIDSDALE, FtS. KENNEDY and R.J.P. WILLIAMS ) N ! 3
Inorganic. Chemistry Laboratory, Oxford (Great Britain) ‘ PR S i L Q ‘ ‘“
- (Recetved, August 31d; 1971) L : B
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Dk
‘ By R AR , . L vt ab g
g R
oo 'I_’I;é transfer of the methyl group from methyl.vitamin B, , to thiolates:and .1,
 other anions has been studied. In the presence of oxidising agents, including molecular
oxygen, transfer is rapid. In the absence of such reagents no methyl transfer is observed.
- The known mechanisms for methy] transfer in model systems are now (1) Lewis acid
attack, (2) one-electron reduction and (3) one-electron oxidation. Observatijons-on these:

®actions are contrasted with biological methyl transfer.

TR : L P P s .
H . 4 ! 5 P i - .

——

. Enzyme transfer of methyl groups from methyl vitamin By, is of direct
mportance in biological methylation of thiolates and in the generation of methyl
mercury. An understanding of the second reaction has come from the study of the
p Production of methy! mercury from methyl-B,; and Hg(II) cations in model systems.
| The reaction is a simple Lewis acid attack and occurs with other metal cations such as
r("l)' . Biological transfer to thiolate, e.g. methionine synthesis, has been claimed? to be
telated to simple thiolate attack on methyl vitamin B, 3,

o

CHj Co(IIl) + RS™ —> RSCH, + Co(l)

R an

Wt this observation has been questioned®**. We have therefore re-examined the model
Raction and made a more extensive study of methyl transfer to anions.

Solutions of 1+10* M methyl cobalamin and 2.5+10"? mercaptoethanol in
‘ ?‘l M phosphate buffer, pH 7.8, were placed in a 1-cm absorption cell and the reaction I
; meed by spectrophotometry. An isobestic point at 480 nm was ob_served as absorption
el at 520 nm, loss of methyl-B, 5, and rose at 450-470 nm. The reaction product which- 1
. ®sorbed at 460 nm was found to be a mixture of vitamin B, r, bound to methylmercaptc
tthano] and its thiolate anion. The nature and stability of these complexes was established
¥ 1 series of experimepts using mixtures.of Bz, preformed by controlled potential
%duction, and thiol in different molar ratios and at different pH values, following com-

 Biockim. Biophys. Acta, 252 (1971) 207-211
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plex formation by changes in the absorption and EPR spectra. The stability constants in
the case of mercaptoethanol® are _

Blgr'f'RSH:Blgr'RsH ‘(l =10 ST
B|zr+ RS~ **B“r'RS- KQ =3'103

It is known that B,, 1 is readily produced from B,, 3 under the reaction conditions, The
organic product of the reaction between methyl-B,, and thiol was shown to be a
methylated thiol by gas-liquid chromatography. That direct transfer of methy! fron,
methyl vitamin B, to the thiol had occurred was thrown in doubt by the additiona]
observation that the reaction only proceeded in the presence of air. The effects of OXygep
pressure, pH, the concentrations of the reactants, and of other added oxidising agen
were therefore studied.

A detailed study of the rate of the thiolate/methyl-B, , reaction showed thur
had the following characteristics in a steady supply of oxygen. There was (1) A lag Periog
which was inversely dependent on thiol concentration and which could be progressively
reduced by increasing pH above pH 6.0 (there is no lag at pH > 8.5), by adding incrcasing
catalytic amounts of preformed B,, 1, or by increasing the oxygen pressure. (2) After the
lag period a steady rate of disappearance of methy! vitamin B2 was achieved. The
steady-state rate increased linearly with the oxygen pressure, methyl vitamin B,
concentration, added amounts of vitamin B,, 1, and the pH but was independent of the
thiol concentration. No effect on the steady state or the time lag were found on additiop
of trace metals. When the solutions were scrubbed free of oxygen the reaction proceedeg
to less than 5% completion and then stopped. The reaction could be started again by
passing oxygen. Table I gives typical results. o

TABLEI . | | }
TE OF REACTION OF METHYL COBALAMIN (1°10™ M) WITH MERCAPTOETHANOL AT
25" AND IN 0.1 M PHOSPHATE BUFFER )

Yhiol conen. (M) Ambient - pH - Steady-state Time lag
) gas B ,° . rate* A {min )
2,510 N, 74 00 .
: Air 1.4 004 .. v 23 ¢
0, 7.4 0.26 o1 -
2.5°102 plus 2°10% M i , '
vitamin By4, ' 0, 74 0s C2 -
2.5°10° : 0, 6.4 05 - - 70
: < 7.0 037. . 25
7.8 0.23 5
8.7 0.17 (]
o 10.5 0.05 .. 0.
5.0°1072 0, 7.8 2023 0
2.5:1072 0, 7.8 1023 6
L7102 | 0, 78 . 0.20 25
1210 0, 7.8 . 0.25 42

*The steady-state rates in the table are quoted as the rate of fall in absorbance at 520 nm per min.

Biochim. Biophys. Acta, 252 (1971) 207211
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*- = The above series of observations have much in common with those of Peel® on
the catalysed oxidation of thiols by molecular oxygen in the presence of vitamin B 123

Peel found: (1) the autooxidation produces By, [ (actually, as shown by us, a thiol R
complex of By ); (2) in the steady state the oxygen consumption is linear with time; (3) E
- the reaction is first order in By, 5; (4) the reaction shows a pH dependence with an *
apparent pKa of 7.5-8.0; (5) the reaction has a complex dependence on thiol concentra- . - v
- tion. The following reaction scheme explains all his results: - _ Yoo
B L N/ VP . ,_ N
B T T S A C e e
a‘«mC?'RSH; 03— (‘_ZQ(III)-g-il-.I‘O, +‘RS_‘1‘_, B TS L ;
O P aor o= TR T I -3
- €o*RS7 #0, == Co(Ill) + 0; + RS" ' ) e
'4 "“1 il e 1:"‘3 o . : j*_“. + "};:‘r . ' [ .; o
'SWCQ(HI) + RSH-—> Co(l) + RS: +H" T ‘
. g ke . ) RN e o . G
_CoiDY RS Co+RS, .
B . LT O w
h RERS, epreies T e T e
Putting TCoas total By, present, T as total thiol, using K , and K, as the formation A
_C?nstants of the By, ; complexes with thiol and thiolate, respectively, K5 as the agjd , '
- dissociation constant of the thiol, and PO, as the oxygen pressure we have derived the . -
Rie expression in the steady state: . ' ) -
B K1 k1‘ ; ' K: kl ) . » o : i
Po, T, + N ' H
K, - [HY] !
1+ 1+ o
(H'] K, '
. t
R=
K, T K, T
1+ + .
Ka [H*] , o '
1+ 1+ ' ) :
[H*] Ka

2“‘ Cxpression explains Peel’s observations quantitatively using our values of K, , K,
a . .

_ The reaction of methyl-B;, with thiols can now be considered. The time lag is
:‘d'!y shown to be due to the slow establishment of a steady state in By, . This reaction
ep.,s autocatalytic, depending upon the presence of By, ¢ itself and oxygen. The initial

Wrement for B,, ; is satisfied by trace impurities in methyl-B,, due to slight and

.n‘-VP;dable photolysis. The production of RS radicals from thiol by Peel's autooxidation

Biochim. Biophys. Acta, 252 (19271) 207 -211



210

mechanism generates additional B 12r and the reaction proceeds as followsi,,« L -

RS’ + MeBy; —— B4 + Me".+ RS-
RS +Bi;3 —— By, +RS"
RS" +Me" —— RSMe

These reactions can be combine
above. In the presence of 0,,

VO30

L&

* T R ’

d with the set of reactions for thiol autooiidation, mg%
thiol and B,, a steady state is set up in thiol radicals ang

- this leads to a steady state in the disappearance of methyl-B;,. Rate expressions for thj,

only a one-electron oxid
or thiol.

reproduced the experiment observations® . There is

ation attack on methy!-B,,; and no direct reaction with thiolat,

Such a direct one-electron oxidation has
s”. In acid solution and in the presence of Fe(lII) ions or of
has been shown to be converted rapidly to By; 3. Methy]

different oxidising agent
[Fe(CN)s >~ methyl-B,,
radicals which are forme

d are readily scavenged b

been demonstrated using quite

y added chloride to give methy] chlon'd,

or by thiolates to give thio-ethers. A similar reaction occurs in the presence of redox
V), Au(l)/Au(ll) when the methyl group is first transferred ¢,

couples such as Pt(II)/Pt
the metal and then to su
'We have shown

transferred from methyl-B 12 tO scavenger groups.
one-electron reduction!?, (c) several

ch anions as chloride?.
now that there are three

~ even fails in the case of attack by cyanide. There
direct thiolate-base attack on methyl-B,, occurs.

-

i

lo:h A

methyl transfer®>? js a one-electron
worth looking for a radical intermed

the scheme,

by

- 'RS™+ CH;-By; +e — By3r+CH, SR
: . Blgr"’e _-’an

By23 + methyl source ——» CH,-B,,

]

TABLE Il

DIF FERENTIAL ALKYL TRANSFER FROM ALKYL-B,4 Iﬁ DIFF;EkEN;I‘ Rll‘ACI‘IONS

routes by which methy! 81oups can be
They are (a)Lewis acid attack? ,(b)

methods of oxidation. Base attack is not known apg

is no evidence from model studies thyy
It is therefore possible that biological

reaction coupled with scavenging by thiolate and j; is |
ate in such methyl transfer reactions according fo !

.....

' .

e S
1

Reaction system

MethytBs:  nPropylB,; . Acceptor " Ref .l

LN —-—

’ Hg(ll’),'l‘l(jl{) + - .+ - Metal Y S
- Fe(ty/Cr + + © Halide - W ofgas T

¢ [FecN)gP o + + Halide = 3
03/ thiol e + - » *i{¢ -Thiolate : .
Pe(IV),Pe(In/cr . C+ * - Halide or metal 7
Au(lll)‘,Au(l)/C‘l— + + - Halide or metat 7

& Reduction (polarography) + +- Metal (Hg) <12 e
Enzyme : N - Thiolate 89 -
I, IC1 + - . 11

" Biochim. Biophys, Acta, 252(1971) 207-211
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Comparisén of n-propyl-B;, with methyl-B,, in model reactions as studied here

‘ nd in the énzyme, Table I, reveal the peculiarity that only in the reactions with Lewis

! HAO. Hill, J.M. Pratt, S. Ridsdale, F.R. Williams and R.J.P. Williams, Chem. Commun.,

N 1t Ridsdale, B.A. Part (I1) Thesis, Oxford, 1970. (This work will be submitted for

13}
I“H-

xids, oxygen, and in the enzyme is n-propyl release very different in rate from methyl
rkease. 1t could be that methyl transfer in these cases takes place in a local cage whether
tisa radical reaction or not. If such a local cage reaction occurs the mechanism of
methyl transfer becomes very comparable with the glycol rearrangement reaction
aulysed,by Bys enzymes'? arid both reactions have much in common with the radical-
age mechanism proposed for the Stephen’s rearrangement'3. '

Note. Since this paper was submitted it has been shown that vitamin Bizrisan
atermediate in the reactions of the enzyme vitamin By, -dependent methionine
gathetase™. - - . . . . y

We wish to acknowledge financial assistance from the British Medical and
Science Research Councils. -~ , N
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SPECULATIVE ARTICLES

- It is proposed occasionally to publish articles of a speculative or interpretive
nature. These articles should be of not more than ten pages and should indicate
cither a new interpretation of data, a new idea, or indicate a different manner of
looking at present data. They will have a heading “Speculative Article”.

‘. _ G. A, KER;UT
SPECULATIVE ARTICLE ‘
THE 'BIOCHEMYICAL ROLE OF VITAMIN-B,,
M. AKHTAR

- Department of Physiology and Biochemistry, The University of Southampton,
Southampton SO9 SNH

(Received 27 May 1968)

Abstract—1. The active form of vitamin-B,, which takes part in biological
reactions is cither 5'-deoxyadenosyl-B,, or methyl-B,,.

2. Both these coenzymes contain a cobalt-~carbon bond.

3. It is proposed that these coenzymes owe their biochemical role to the
property of the cobalt—carbon bond to dissociate into two reactive species, a
highly reduced cobalt and a carbonium ion.

) INTRODUCTION
METAL ions play an important role in biological systems. Iron, for example, has
been exploited by nature in at least two major ways. It can act as oxidation-
reduction agent through a transformation of the type Fet+<Fes+; this property
of iron is utilized in the reactions of cytochromes. Another feature of the Fe* is
its ability to be converted from an ionic ferrous state, as exists in FeCl,, to a
covalent ferrous state in which iron is attached to six negatively charged ligands

as in K ,Fe(CN),. The conversion of hemoglobin into oxyhemoglobin involves a

change from an ionic ferrous to a covalent ferrous state. R C
Some other metal ions like Mn?+, Mg2+ and Ca®+ act as cations to complex
with negatively charged substrates and negatively charged regions of the enzymes
thus profoundly modifying the properties of the ligands. o
The present paper proposes that the cobalt atom is involved in biological
reactions because of its unique property to form a cobalt—carbon bond., Such a
bond is present in two major coenzymes 5’-deoxyadenosyl-B,, (Structure 1) and

tethyl-B,, (Structure 1a), derived from vitamin-B,,. Both these coenzymes owe

i S ke b ' . o
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their biochemical role to the property of the cobalt—carbon bond to dissociate into
two highly reactive species, a highly reduced cobalt and a carbonium ion.
Vitamin-B,, can be converted both enzymically and chemically into two
related compounds, 5’-deoxyadenosyl-B,, (Structure 1) and methyl-B,, (Structure
1a) which then act as coenzymes in a variety of biological transformations. There
is a unique property of the cobalt atom which has been ingeniously exploited by

- nature for carrying out diverse biochemical reactions. It is first necessary to

discuss the mechanism of those enzymic reactions which require the participation
of 5’-deoxyadenosyl-B,, (for a review see Barker, 1967).

OH ?H

N

StrucTURE 1. 5’-Deoxyadenosyl-B, ,.

&, STRUCTURE 1a. Methyl-B,,; the heavy bond in the abéve structure is replaced by

_a methyl group.

&

sEe In a rcceni report it has been shown (Frey & Abeles, 1966) that the hydrogens

_* attached to carbon atom 5’ of the deoxyadenosyl moiety of the coenzyme (Structure
1, the 5’-methylene group under discussion is encircled in the formula) are involved

in the biochemical reactions. This and related observations have prompted us to
propose the chemical role of the coenzyme in enzymic reactions. It is suggested
that the catalytic role of the 5’-deoxyadenosyl-B,, coenzyme is associated with
three fundamental properties of this cobalt atom. - :

(a) The cobalt—carbon bond in the coenzyme is so polarized that it can be dis-

sociated into two charged species, a reduced cobalt atom and a positively charged

carbon atom; this is shown in reaction 1 (Scheme 1). This property.of the cobalt—

R carbon bond can be deduced from the mode of chemical (Johnson et al., 1963) as

» - B,y coenzyme (Structure 1). This coenzyme *(Structure 1) is biosynthesized

well as biochemical (Peterkofsky & Weissbach, 1964) synthesis of 5’-deoxyadenosyl-

B

V037

R P e T :W:k’?»iﬁiwm%

i

TSI O 4 AL D




AN R LTI T WBILP e g ! ot = g

e

S

- 1By e

b

PR A WD T 23 W AT WO ST IR B e e

vvr- e A, I, O, W ARSI €7 DR Fazo it
S .

g ¥

b

-~

THE BIOCHEMICAL ROLE OF VITAMIN-B;y ... ¥

through the involvement of vitamin-B,,, a reducing agent and ATP, the overall
transformation is believed to occur in two steps as shown below in equations (a)

and (b). The first step results in the reduction of cobalt atom from a valency state

SR
- -

—Co)3* + 2e (—Co®)* ' : SN
vitomin -8B, . N vitomin-B 55 - . (o)
\ Rib_ - .
~ ’ )
/"\E /CHZ :
—oS)t + Nu?‘o—p—f—p————-(cw“ .+ PPP (b)
@ .
ATP 5°-deoxyadenosyl -8,

of three to a highly reduced monovalent species (equation a). The two electrons
added in this reaction are shown by two dots (such a species is called B,,,). This

pair of electrons is then utilized in the'next step to form a carbon—cobalt bond and -

the elimination of tripolyphosphate. Analogous reactions in other areas of organic
chemistry will require that the cobalt atom in 5'-deoxyadenosyl-B;, coenzyme
should be in a valence state of 2. A formal reversal of reaction shown by equation
(b) would allow one to deduce the property of the cobalt—carbon bond we have

. . T e SIS
——@-C(R);, = —C5 * C{R); reaction |

_CD/;\ ——(Il:—/-;( e —CO—CI:—- + X-—— reaction 2 f

| o
I | S ;
T C (Rl z=== -—Co—(':—- + HC(R); reaction 3
ScHEME 1.

advocated in reaction 1, Scheme 1: that is, the cobalt-——carbbn bond m the doenzyﬁle

"has the tendency to be cleaved so that the pair of electrons forming the bond are

retained by cobalt, thus converting it into a highly reduced monovalent form, while
the 5’-carbon atom becomes positively charged (equation c). For the sake of
convenience in the subsequent representation of the coenzymes and related i inter-
mediates we have ot shown the charge on the cobalt atom. - :

w

Rib_ Rib.

~ SeHp -,
5}/‘"2 - e o
{Co)s* | ———————— N (I i

Lo LAY

(b) The reduced cobalt species obtained in reaction 1 (‘Schcrr.xe l) can pértici—
patein nucleoplulxc displacements at carbon atoms contammg good leavmg groups.
This is shown in reaction 2 (Scheme 1) - T TR T

,.Jﬁa.».“ti..i',-‘.m Mg e e e e T O et ey P
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(c) Finally, it is suggested that the cobalt species of the type II (Scheme 1)
can displace a hydride from a saturated carbon atom in the presence of a suitable
hydride acceptor, as shown by reaction 3 (Scheme 1). In reaction 3 the formation

(IV-IX, Scheme 2). It is proposed that this conversion accurs _
transfer from C-1 of propanediol to C-5’ of the cobamide coenzyme, thus resulting}_

L HI+1V are feasible, however, all these P

‘with minor modifications for the formation of the intermediate

athways according to

enzymic reaction. For example, the 80 experiments of Retey

. be rationalized by assuming that in reaction 5

" mediate (VI, Scheme 2) its isomer cn,

. . B . H
.. 'The mechanism proposed in Scheme 2

+ reaction the two hydrogen atoms attached to C.5 of the d
and one of the two hydrogen atoms at C-
,« ‘indistinguishnble. This is borne out by the work of F rey & Abeles (1966). It has

. Droldehydrase catalysed conversion of 1,2-propanediol into propionaldehyde .

Dioldehydrase catalyses the conversion of 1,3-propanediol into propionaldehyde

through a hydride

VII or VIII from
the theory under

- discussion must result in the formation of a methyl group at C.5’ during the

et al., (1966) may

(Scheme 2) instead of the inter-

) OH is involved,

H

would require that during the enzymic

coxyadenosyl moiety
1 of the propanediol should become

been shown that when a catalytic amount of cobamide coenzyme labelled equally
attached to C-5' of the deoxyadenosyl

with tritium at both the hydrogen atoms

tivity of the coenzyme

is found in propionaldehyde (Frey & Abeles, 1966). This observation.cannot be

. reconciled with the known principles of enzymology unl

€3S one assumes that at

some stage in the enzymic reaction the C-5' methylene group is converted into a

equal. Also, it has been shown that in

‘radioactive coenzyme is incubated with
" .. coenzyme is radioactive (Frey & Abeles, 1936): ‘This‘:ing_orpqgafion of radioactivity

the dioldehydrase re

1,2-propanediol-1-3H, the recovered

‘methyl group (Barker, 1967), thus rendering the two C-5’ hydrogens sterically -

action when non-
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THE BIOCHEMICAL ROLE OF VITAMIN-B;4 5

is readily explained by the mechanism proposed in Scheme 2. Furtbermore, this
mechanism (Scheme 2) allows one to predict that if in the dioldehydrase reaction
12-propanedxol-l -3H* is incubated with non-radioactive coenzyme so that the
molar ratio of each is 1: 1, then the isolated propionaldehyde should contain only
a third of the radioactivity of the parent diol (or less because of the isotope effect
which is likely to be associated in the hydrogen transfer in reaction 6, Scheme 2),
the remaining being incorporated into the coenzyme.

‘ recction Q\V H:I reaction
(€o) H2 Ot — & —H e
0|
3 L' CH,
3
o v Y i
Rb M Ri H
\CZ-H =) KCé"‘ reaction
w [ ™
(Co)- _— (Co)

H
H

Rib
s
H—C—H
L -
ScueMz 2. R “,.-»"‘;

‘Another important observation wlnch can. be satlsfactonly explamed by the
general mechanism under discussion involves the dloldehydrase-catalysed reaction

~ of glycolaldehyde and cobamide coenzyme. This reaction is accompanied by the-

formation of glyoxal and the inactivation of the enzyme—-ooenzyme complex Th:s

Rlb , " H O
i aken - Mene L
(Ca) 7, DR (Coe)

) ] BT '_ o ;. (an.A e A

s
L g

* It is to be noted that only one of the two hydrogen atoms at Cl of propanedxol takes v
§ part in the reaction; - It is implied that in the conversion the substrate contains only that
2 hydrogen stereospecnﬁcdly labelled with trmum whxch pamcxpates m the enzyrmc reactxon Jod
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The first step is the transfer of a hydride ion from the primary alcohol group (cf.
reaction 1V, Scheme 2) thus resulting in the formation of glyoxal and the coenzyme
intermediate (B). Since the product, glyoxal, cannot participate in any further
reaction the coenzyme (A) cannot be regenerated. This mechanism would predict
that the inactivation of the enzyme-coenzyme complex should be attended by the
formation of 5-deoxyadenosine. This seems to be the case (Wagner et al., 1966).

Ribonucleotide reductase conversion of ribonucleoside triphosphate into 2'-deoxyribo-

nucleoside triphosphate »
Cobamide-coenzyme-dependent ribonucleotide reductase catalyses the reaction

shown below. _
XTP + dihydrolipoate—>dXTP + lipoate.

In an elegant work Abeles & Beck (1967) have recently proposed a two-step sequence
shown below for this reaction. The above reaction may be elaborated in terms of a

~G-H S .
r + E + Coenzyme — |. €. Coenzyme - H+H
l.s_ﬂ . .

. s )
[T . € . Coenzyme . H+ XTP=—dXTP+ DS + E+ Coenzyms
S

SCHEME 3.

. detailed mechanism outlined in Scheme 4. Reaction 7 (Scheme 4) indicates the

transfer of a hydride ion from dihydrolipoate to the coenzyme thus resulting in
the formation of a methyl group and CO®. The subsequent formation of the
deoxy derivative is shown by reaction 8 (Scheme 4) and occurs in three steps through
the combination of reactions of the types 2 and 3 (Scheme 1). Consistent with the
proposed mechanism (Scheme 4) is the observation (Abeles & Beck, 1967) that when
a ribonucleotide reductase catalysed reaction is carried out with non-radioactive
coenzyme in the presence of T,0 the recovered toenzyme contains two atoms of
tritium at C-5’. Again, this incorporation of radioactivity in both the C-5’ hydro-
gens of the coenzyme strongly suggests the intermediacy of the C-5' methyl group
during the enzyme reaction. The involvement of reactions 7 and 9 (Scheme 4)

Rib_ rib_ /M :
S—H

Sove Ot =+ v+ O

(Co? i} («® reaction 7

pb /M Rb . ' ' :

. \C[-H + 0 OH PRSI AN 0 H reaction 8 R

CH, +

o \n oM % oH ,
{Col (Co) .

ES—-H + o = [:S‘—TH. T+ o noc!im s E

ScHEME 4:

LoTe. SR
: e T DTk A :
- Sae e T2 A A A T "g'--:'fii.»;.,a. ﬁ
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v

would saﬁsfactorily account for the complete eqﬁilibration of the two hyﬂrogens
at C-5’ of the deoxyadenosyl moiety with those of water. :
The enzyme methyimalonyl-CoA mutase catalyses the conversion of methyl-

malonyl-CoA (X) into succinyl-

CoA (XI): A mechanistic proposal based on the

ideas developed above is outlined in
sents the combination of reactions.

Scheme 5 (the first step of this scheme repre-
1 and 3 of Scheme 1). Once 2gain the main

feature of the mechanism is the involvement of 2 5'-methyl intermediate* and a
carbonium ion. Similar mechanisms can be envisaged for glutamate isomerase
and related reactions. Our suggestion of the participation of carbonium ions offers
2 unified concept to explain the mechanisms of all known cobamide-dependent
enzymic reactions.

%
éﬁ
’é
;
;
;
;
3
;

Rib_ ' Rb M
5
\CHz \CZ'H . . .
(co) H CO—SCoA e \H /CO—-SCoA
H—C—CH two 822 (Co) CHp—CH{ === ¢
v COOH G \ coom o
x . B
Rib H Rib H .
~cZa ! r\\cl-ﬂ - CooH
) \u " oy O SA g W ‘& y
{Co) ‘cnz——cu\3 —_— (Co) N &H,—CO SCoA

‘ COOH ‘ _
”,;* =
?'5 Coom
: Rib
B = ' NcH, + zcg'. o
& (8 T CHyCosCer w
g - ’ . L 0 o "»_ B T
ﬁ L ) SCHEME 5. o o ”
_ Methionine biosynthesis ) i o
¥ * One of the reactions requiring the participation of methyl-B,; coenzyme
i (Structure 1a) is the conversion of homocysteine into methionine, the reaction
?; proceeds according to the equation: '
2 5-methyltetrahydrofolate (CHy-N-TH,) + __

- S-adenosylmethionine, B : : :

g homocysteine (H-5—) o3y 3 methionine + tetrahydrofolate.

and a reducing system

¥

.. *The first proposal for the involvement of a methyl group in the methylmalonyl-CoA
mutase reaction was made by Ingraham L. L. (1964) Ann. N.Y. Acad. Sc. 112, 713;
however, the underlying principle of this mechanism is different from the one developed
in the ‘present communication. o : R -
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Recent evidence suggests (Barker, 1967) that the first step in the above conversion
is the transfer of a methyl group from 5-methyltetrahydrofolate to the cobalt
atom of vitamin-By, to furnish methyl-By,. This reaction occurs in the presence
of a reducing agent and may be envisaged to take place in two steps as shown by

equations (1) and 2).
(—Co®  + 26— €O w
Vitamin-8,

" + CHsL_h‘l-—TH.—————" (—Co—CH3P* + TH, @
m.th,l‘am

(-‘é:]‘CHSQ)Z"P Hjs—- —— (—Co®* + CHS— (3

b The first step (equation 1) is the transfer of two electrons to convert the cobalt
o atom from a trivalent state in the vitamin into a monovalent species. The pair of
electrons are then utilized in the next step for the formation of a new carbon—
cobalt bond to give methyl-B;, (equation 2), the cobalt atom in the coenzyme
¢ - therefore must have a valency of two. Once again the cobalt—carbon bond in
“ " methyl-B,y, like the analogous bond in 5'-deoxyadenosyl-Bys, has the potential to
: be polarized so that the pair of electrons forming this bond can be transferred to

the cobalt atom thus leaving the methyl carbon positively charged, i.e.

¢
. (—& DcHy?t ——(—Co Oy 4 —CHy

- This polarization facilitates the final step of the reaction which involves the forma-
~ _tionofa C—S bond and the regeneration of a reduced species of cobalt (equation 3).
. This analysis of the overall reaction would allow one to predict that the reducing
- agent should only be required in the first cycle, since the valency state of the cobalt
" atom at the end of the reaction sequence (equation 3) is suitable for its involvement
in the crucial step of the reaction shown by equation (2).

T'o summarize, a mechanism for the cobamide-dependent enzymic reactions is
proposed. Itis suggested that during the enzymic reaction the cobamide coenzyme
~ (Structure 1) suffers a reductive cleavage between the cobalt atom and the carbon
* atom 5’ of the deoxyadenosyl moiety thus resulting in the formation of a 5’-methyl
group and CO®. In the subsequent reaction Co® makes a bond with the substrate
thus facilitating the formation of 2 carbonium ion. Finally, the neutralization of
the parent or rearranged carbonium ion by a hydride transfer from the 5'-methyl
group results in the formation of the product and the regeneration of the coenzyme.
Note added in proof—A mechanism similar to the one proposed above has independently
~ been considered [HHOGENKAMP H. P. C. (1968) 4. Rev. Biochem. 37, 225] for the ‘ribo-

* pucleotide reductase reaction. ) ]
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Isolation of Gastric Vitamin Bm-bmdlng Protems | B -

Using Affinity Chromatography

v ' )

II. PURIFICATION AND PROPERTIES OF HOG INTRINSIC FACTOR. AND HOG NONINTR].\SIC

FACTOR*

RoBErT H. ALLEN AND CaroL S. MEHLMAN -

From the Department of Internal Medicine, Washington Untversity School of Medicine, St. Loms, Missour’

SUMMARY

Two vitamin B;;-binding proteins, designated hog intrinsic
factor and hog nonintrinsic factor, have been isolated from
hog gastric mucosa. Affinity chromatography on vitamin
Bi:-Sepharose resulted in the removal of the bulk of protein
present in a crude extract of hog gastric mucosa. The two
vitamin Bi,-binding proteins were separated subsequently
by a method of “selective” affinity chromatography with an
affinity adsorbent containing covalently bound derivatives

~of vitamin Bj. that lack the nucleotide portion of the native
vitamin. Under appropriate conditions hog nonintrinsic
factor was adsorbed to a column of this material, while hog
intrinsic factor was not. After additional purification both
proteins were isolated in homogeneous form based on poly-
" acrylamide disc gel electrophoresis, sedimentation equilib-
rium ultracentrifugation, and sodium dodecyl sulfate poly-
acrylamide gel electrophoresis. Hog intrinsic factor (24 ug)
corrected vitamin B;, malabsorption when given to a patient
with pernicious anemia, while hog nonintrinsic factor (49
#g) had no effect.
Hog intrinsic factor binds 30.3 ug of vitamin B;; per mg
of protein. Molecular weight values of 52,300 to 58,600 were

obtained by sedimentation equilibrium ultracentrifugation -

and amino acid and carbohydrate analysis. The protein
contains 17.5 % carbohydrate which accounts for the elevated
molecular weight values (66,000 to 75,000) obtained by so-
dium dodecyl sulfate polyacrylamide gel electrophoresis and
gel filtration. In the presence of vitamin B, hog intrinsic
factor aggregates to form dimers and higher molecular weight
oligomers.

Hog nonintrinsic factor binds 25.1 pg of vitamin B,. per
mg of protein. Molecular weight values of 61,000 to 66,000
were obtained by sedimentation equilibrium ultracentrifuga-
tion and amino acid and carbohydrate analysis. The protein
contains 35.5 % carbohydrate which accounts for the elevated
molecular weight values (100,000 to 130,000) obtained by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
and gel filtration. Hog nonintrinsic factor retains its mono-

. * This work was supported by Cirants AM 16668, AM 10550, and
HE 00022 and Special Research Fellowship AM 51261 from the
National Institutes of Health.

hydrate composition.

'(Received for publica;ti.tﬁn, November 20 1972 )
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Hin

meric form in the presence of vitamin B, under conditiong
in which hog intrinsic factor aggregates.

Hog intrinsic factor and hog nonintrinsic factor differ sig.
nificantly from each other in their amino acid and carhe.

differences in other parameters, demonstrate that these tw;
proteins are distinct and separate species.

Crude extracts of hog gastric mucosa have a vitamin B,
binding activity of approximately 0.05 ug of vitamin By, bound
per mg of protein, and these extracts also contain intrinse
factor activity since approximately 60 mg of dry material am
able to correct vitamin B;» malabsorption by patients with
pernicious anemia as judged by the results of Schilling tests (1),
All of the vitamin Bys-binding activity in these crude extracts is
not attributable to hog IF,! however, for a second vitamin B,y
binding protein is present that lacks 1F activity in Schilling
tests (1, 2). This second vitamin By bmdmg protein has beeu
referred to as hog NIF.

Studies using extracts of hog gastric mucosa or partially puri-
fied preparations of these two proteins are somewhat difficult t

interpret, but they suggest that hog IF and hog NIF also differ -

from each other in other ways. These differences include: (3!
anti-IF antibody obtained from the serum of certain patient-

These differences, together wit,.

|-

with pernicious anemis blocks some of the vitamin By-bindinz

activity present in crude extracts of hog gastric mucosa. Irvine
(3) has demonstrated that the amount of anti-IF antibody-
mediated decrease in vitamin Bis-binding activity is a mev
reliable guide to thie Schilling test IF activity of crude hog gastre
mucosal preparations than is the level of total vitamin Byr-bind
ing activity. This observation suggests that the vitamin B
binding ability of hog 1F is blocked by the antibody, while th+
of hog NIF is not. (b) Sera from rabbits immunized with h.
leukocyte extracts contain antibodies which appear to bind ¢
hog NIF but not to hog 1F (4). (c) Hog IF appears to faciliti’

17The abbreviations used are: IT, intrinsic factor vitamin Bir
binding protein; NIF, nonintrinsic factor vitamin Bjs-bindit?
protein; pscudo-vitamin By, a-(adenyl)-cobamide cyanide.
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{ependent vitamin By binding by guinea pig ileal
o homogenates, while hog NIF does not (5). (d) Hog
JIF appears to facilitate calcium-dependent vitamin Bia bind-
ng by rat liver homogenates, while hog IF does not (5). (¢)
Certain structural analogs of vitamin Bj; are bound by hog
NIF to a greater extent than they are by hog IF (1).
Numerous attempts have been made to isolate hog IF and
sog NIF in homogeneous form {6). Holdsworth (2) and Ellen-
bogen & al. (1, 7) have isolated vitamin Bi-binding proteins

4rom hog gastric mucosa in highly purified form and were able -

{0 separate the vitamin Bie-binding protein into two fractions
gsing ion exchange chromatography. In both studies oue
fraction contained IF based on Schilling tests, while the sceond
“fraction did not. Immunologic and ileal and liver homogenate
binding studies were not performed, but Ellenbogen et al. (1)
fid demonstrate that their IF active fraction bound only 10%
as much pseudo-vitamin Bi» as native vitamin Bi, while their
“IF inactive fraction bound 907 as much pseudo-vitamin Bis 83
native vitamin Bis. )
Ellenbogen et al.'(1, 7) observed a molecular weight of ap-
_proximately 50,000 for both of their protein fractions in the
sheence of vitamin By using sedimentation velocity ultracentrif-
ugation. In the presence of vitamin Bis, molecular weight
values of 100,000 were obtained for both fractions suggesting
that the protein in both.fractions dimerized in the presence of
the vitamin. Holdsworth (2) also observed molecular weight
values of epproximately 50,000 for both of his protein fractions,
but he did not observe any significant increase when vitamin
R §present. . Neither Ellenbogen et al. nor Holdsworth were
-detect ,any significant differences in the amino acid
stions of their 1F active and IF inactive fractions. The
mme type of carbohydrate residues were observed in both frac-
- tions. Ellenbogen et al. did note that their IF active fraction
sntained twice as much galactose as their 1F inactive fraction,

but this difference was not observed by Holdsworth who noted

that hog IF contained approximately 30% less of each type of
esthohydrate residue when compared with hog NIF.
Thus immunologic studies, ileal and liver homogenate bind-

ing studies, and analog binding studies all suggest that hog 1F.

ud hog NIF are structurally dissimilar.  On the other hand,
studics of muolecular weight, protein aggregation, and amino
aeid and carbohydrate composition have failed to reveal any
major and consistent differences between hog IF and hog NIF.
Itis thus unclear whether hog NIF is () a zymogen-like precur-
wr o hog IF, (b) a limited degradation product of hog IF, or
{©) ». neturally unrelated to hog IF.

_“"' have previously reported (8) that the hog gastric mucosal
Vitar: n By-binding proteins can be isolated in high yield using
sffinic- chromatography on vitamin Bi2-Sepharose which is
repced by covalently attaching monoecarboxylic acid deriva-
tive. ¢ vitamin B to a substituted Sepharose using a carbodi-
mid-  Apnlysis of the vitamin By-binding protein obtained

alter . (finity chromatography revealed that only 309 of the’

Vilamin B,,-binding protein is IF based on asays using anti-IF
Wwtihody obtained from the serum of a pernicious anemia patient.
Attempt!; to separate hog IF from hog NIF using ion exchange
chmn:ata:)gra;.»hy have been unsuccessful. This difficulty has
"~ eircumvented, however, and hog IF and hog NIF have

wsolved using a method of sgelective” affinity chromatog-

_in which carboxylic acid derivatives of vitamin B, that

¢k the nucleolide portion of the vitamin are covalently coupled

t Sepharose. Under appropriate conditions hog NIF is ad-
%orbed to o dolumn of this material, while hog IF is not. "This
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report is concerned with the isolation, separation, and properties
of hog IF and hog NIF.

EXPERIMENTAL PROCEDURES

Materials

Hog intrinsic factor concentrate, type S, 80 mesh, Lot 48744-
414, was obtained from Lederle. This material is a crude water
extract of hog pyloric mucosa that was spray-dried without
additional purification. We have stored this material in the
dry state at 4° for up to 1 year without noting any loss of vita-
min Bibinding activity. All other materials were obtained as
described in the accompanying paper in this series (9).

Methods

Preparation of Sepharose-bound Derivatives of Vitamin B,
Lacking the Nucleotide—Vitamin Bz, 10.0 g, containing 2 pCi of
["Colvitamin B, was dissolved in 500 ml of 11 N HC! and incu-
bated at 70° for 1 hour in the dark. The solution was subse-
quently lyophilized, dissolved in 500 ml of H,0, and lyophilized
again. The dry material was dissolved in water to give a concen-
tration of vitamin By derivative of 25.0 mg per ml and stored
at —20°.

These derivatives of vitamin By were covalently attached to
3,3"-diatinodipropylamine-substituted Sepharose at pH 5.6
using 1—ethyl-3—(3-diethylaminopropyl)-carbodiimide. The con-
centration of vitamin By derivatives in the coupling reaction
prior to the addition of the carbodiimide was 12.5 mg per ml.
The coupling reaction and subsequent washing and storage of
the Scpharose substituted with vitamin By. derivatives were
performed under the same conditions used for the preparation of
vitamin Bi-Sepharose (8). The washed Sepharose containing
the 11 n HCI hydrolysis derivatives of vitamin By, had 2 vitamin
Bis derivative content of 0.22 pmole per ml of packed Sepharose
based on measurements of radioactivity.

Paper chromatography of vitamin By, and its derivatives was
performed as previously described (8). The amount of individ-
ual components was determined by cutting out individual spots
and counting them in a Packard ¥ scintillation counter.

All other methods were performed as deseribed in the accom-
panying paper in this series (9).

Purification of Hog IF and Hog NIF

Step 1: Preparation of Hog Gastric Mucosal Extract—All
procedures were performed at 4° unless specifically noted. .Hog
intrinsic factor concentrate, 50 g, was added to 1.0 liter of 0.1
u Tris-acetate, pH 9.2, and stirred for 30 min. The suspension
was centrifuged at 20,000 X g for 30 min, and the turbid superna-
tant was decanted. The supernatant was filtered with vactium
suction through Celite using a Buchner funnel containing a
coarse scintered glass disc. The filtrate was centrifuged at
20,000 x ¢ for 30 min, and the supernatant was immediately
subjected to affinity chromatography on vitamin Bi.-Sepharose.

Step 2: Affinity Chromatography on Vitamin Bis-Sepharose—A
column (2.5 X 7.5 cm) of vitamin Bis-Sepharose containing
120 mg of covalently bound vitamin Bjs was prepared and
washed with 200 ml of 0.1 M glycine-NaOH, pH 10.0, followed
by 100 ml of 0.1 M potassium phosphate, pH 7.5, immediately
prior to the sample application to remove any hydrolyzed vita-
min By, The flow rate was 100 ml per hour. After the entire
sample had passed onto the column, the column was washed
with 25 ml of 0.1 M potassium phosphate, pH 7.5. The first 900
ml of effluent were collected in their entirety. The column was
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Hog gastric mucosal extract applicd (o vitamin 13,3-NSephn- . o i ' o
TOSB . o ittt et e e e . 815 2,99 2020 ‘20,6 | 27.0 | 23,600 | 100
Initial vitamin Bj;-Sepharose effluent..................... 900 0.0042 3.38 76.2 25.0 22,500 '
Further elutions of vitamin I3,y-Sepharose : 0 i :
1. 0.1 M potassium phosphate, pH 7.5.................. 500 | ° 0.00034 0.17 | 64.7 0.87 - 438" 150
2. 0.1 M glycine-NaOH, pH 10.0, 0.1 M glucose, 1.0 M : S ; ! C !
NACL .o 1,000 | 0.00000 000 ~ - {. 003 | 80 1%
3. 0.1 M potassium phosphate, pH7.5.............. ... 500 0.00078 0.39 | 59.7 “0.02 110 ' 150
4, 0.1 M potassium phosphate, pH 7.5, 7.5 M guanidine- ‘.
HCI ‘
a. Initialeluate. ... ... ... ... ol 65 32.8 2130 24.4 2.68 174 ©0
b. Eluted 17 hours afterda. . ... ... ....... ... ..... 65 0.08 5.2 27.6 0.00 0.00 g
then eluted as follows: (@) 500 ml of 0.1 M potassium phosphate,
pH 7.5; (b} 1000 ml of 0.1 m glycine-NaOH, pH 10.0, contain- 5 .
ing 0.1 M glucose and 1.0 M NaCl; and (¢) 500 ml of 0.1 M “‘““5 i
potassium phosphate, pIl 7.5. The fourth elution solution i R |
consisted of 0.1 M potassium phosphate, pH 7.5, containing 4071000 ,,,:”; . 3
7.5 M guanidine HCL.  When 10 ml of this solution had passed I Y 4 e -id';
through the column, flow was stopped. After 1 hour an addi- s : H Wpea, - °§
tional 55 ml of eluate were collected, pooled with the first 10 < - i Moo ) ;§§
ml, and designated as Eluate 4a. Flow was stopped for an 201500 ; SRR ; 1 A
_ additional 17 hours and then an additional 65 ml of eluate were l[ o | z‘m'i*
collected and designated as Eluate 4b. Iy ‘ AR Bl 73 3
¥ The starting material, initial column effluent, and each of the 4 . A7 ! ) }\
“column ecluates were assayed for vitamin Biy-binding activity, Ty~ G R : L)
‘IR activity, and protein content. The results are summarized e - - i

-

in Table I.

Eluate 4a was dialyzed against 6.0 liters of distilled water for
24 hours with dialysate changes at 4 and 16 hours. The sample
was concentrated with an Amicon ultrafiltrator equipped with a

‘Diaflo UM-10 membrane and centrifuged at 20,000 X g for 10
.. min.,

The supernatant, 8.5 ml, was decanted and 1.10 ml of 1.0
M sodium acetate, pH 5.0, and 1.47 ml of 7.5 M guanidine HCl
were added.  The sample was brought to room temperature and
immediately subjected to “selective” affinity chromatography.

Step 3: “Selective” Affinity Chromatography—A column (2.5 X

18 em) of the substituted Sepharose containing 0.30 mg per ml

of covalently bound derivatives of vitamin Bj, that lacked the
nucleotide portion of the vitamin was prepared at room tempera-
ture. The column was washed with 300 ml of 0.1 M glycine-

‘NaOH, pH 10.0, 120 ml of 7.5 m guanidine HCI containing 0.1

M sodium acetate, pH 5.0, and finally with 300 ml of 1.0 M
guanidine T1Cl containing 0.1 M sodium acetate, pH 5.0. The
sample was applied by gravity at an approximate pressure of
40 em of 11;0. The flow rate was 50 ml per hour. The column
was eluted with 200 ml of 1.0 M guanidine HCI containing 0.1
M sodium acetate, pH 5.0, followed by 130 ml of 7.5 M guanidine
HCI containing 0.1 M sodium acctate, pH 5.0. Nine-milliliter
fractions were collected and assayed for vitamin B»binding
activity, IF activity, and Aso. The results are presented in
Fig. 1.

Further Purification of Hog IF

Repeat Afinity. Chromatography on Vitamin B,s-Sepharose—
Fractions 11 to 13 from Step 3 were pooled and dialyzed for 24
hours against 2.0 liters of 0.05 st potassium phosphate, pH 7.5,

FRACTION NUMBER

Fm 1 Selectlve affinity chromatography (punﬁcatmn Step 3)
of hog IF and hog NIF. A eolumn (2.5 X 18 em). of substituted
Sepharose containing covalently hound derivatives of’ vitamin
By that lacked the nucleotide portion of the vitamin was pre.
pared at room’ temperature and equilibrated with 0.1 M sodiun
acetate, pH 5.0, containing 1.0 M guanidine HCl. The sample
(from puriﬁcation Step 2) consisted of a mixture of hog IF and
hog N1IF in 11.0 ml of equilibrating buffer. The column was eluted
initially with equilibrating buffer followed, as indicated by the
position of the arrow, by 0.1 a sodium acetate, pI 5.0, containing
7.5 M guanidine HOL The flow rate was' 50 ml per hour and 9.0-
ml fractions were collected. O, Aus; A, percentage of vitamin
B,s-binding activity attributable to hog IF; A, hog IF; @, hog
NIF.

Y «
.

containing 0.75 m NaCl with dialy: saté chéhées at 4 and 16
hours. The sumple was applied to a column (0. 9 X 5. 0 cm) of
vitamin B;-Sepharose that contained 1.2 mg of covalently bound
vitamin Bis. The column was eluted with: (a) 100 ml of 0.1
glycine-NaOH, pH 10.0, containing 0.1 M glucose and 1.0 ¥ |
NaCl; (8) 60 ml of 0.1 m potassium phosphate, pH 7.5; and (& |
8.9 ml of 7.5 M guanidine IICl containing 0.1 M potassium phos-
phate, pH 7.5. FEluate 3 contained 121.8 ug of vitamin Bir
binding activity and 97.3% of this activity was blocked by prier
incubation with anti-IF antibody. This material is hereafter

|
referred to as hog IF. ] , ) l

Further Purification of Hog NIF 8 . o {

Chromatography on Sephadex G- I50—I‘ract10ns 33 and 34 from !
Step 3 were pooled and dialyzed against 2.0 liters of 0.05 ¥
potassium phosphate, pH 7.5, containing 0.75 s NaCl for 4
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FRACTION NUMBER

Fia. 2. Sephadex G-150 - chromatography of hog NIF. The
material present in ¥ractions 33 and 34 from selective affinity
chromatography (purification Step 3) was applied to a column
(2.0 X 95 em) of Sephadex G-150 equilibrated with 0.05 M potas-

™~

sium phosphate, pH 7.5, containing 0.76 M NaCl. The sample
volume was 6.0 ml, and 4.0-ml fractions were collected. Appro-
priate fractions were assayed for: O, Amo; A, As20; and @, vita-
~min P;g-binding ability.
hours with dialysate changes at 4 and 16 hours. The sample
wss concentrated to 6.0 ml as described in Step 2 and centrifuged
W0 X g for 10 min. The supernatant was applied to a
0 (2.0 X 90 cm) of Sephadex G-150, fine grade, that had
veen equilibrated with 0.05 m potassium phosphate, pH 7.5,
0.75 M NaCl. The flow rate was 20 m] per hour, and 4.0-ml
fractions were collected. Appropriate fractions were assaved
for vitamin B,,-binding activity, Ao, and Aso. The results are
presented in Fig. 2. ' ’

Chromatography on 8,8’ - Diaminodipropylamine - substituted
Sepharose—-Tractions 27 to 32 from Sephadex G-150 chromatog-
taphy were pooled and centrifuged at 20,000 X g for 10 min.
The supernatant was applicd to a column (2.5 X 5.0 cn) of 3,3'-
diaminodipropylamine-substituted Sepharose that was equili-
braated with 0.05 M potassium phosphate, pll 7.5, containing
075 v NaCl. The column was eluted with this same solution.
The fiust 44 ml of effluent contained 849, of the vitamin Bs-
bindi ., activity applied and were subjected to repeat affinity
chre, - ‘ography on vitamin B;-Sepharose.

£ Affinity Chromatography on Vilamin Bj,-Sepharose—

Ac (@25 X 20 cm) of vitamin Biz-Sepharose containing
38y of covalently bound vitamin By, was prepared as de-
®ri'- hove, and the sample from the preceding step was
&l 1 ¢ g flow rate of 100 ml per hour. The column was

'31{'1'-" with: (@) 100 ml of 0.1 M glycine-NaOH, pH 10.0, con-
tain, 0] u glucose and 1.0 » NaCl; (b) 50 ml of 0.1 M po-
tassiy., phosphate, pII 7.5; and (¢) 28 ml of 7.5 M guanidine
HCi ccutaining 0.1 » potassium phosphate, pII 7.5. Eluate 3
ontained 308 ug of vitamin By-binding activity, and only 3.6%
of this activity was inhibited with anti-IF antibody. This
Material iy heveafter referred to as hog NIF.
'ysis with Vitamin By—[Co]Vitamin By, 360 ug, was
to the final preparation of hog 1F, and 900 ug were added
" the fing] preparation of hog N1F. Doth preparations were
Mialysod pgainst 6.0 liters of distilled 11,0 for 72 hours with
lalysate chunges at 24 and 48 hours, Greater than 99% of
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unbound vitamin Bis is removed under these conditions. The
proteins were stored at —20°.

RESULTS

Purification of Hog IF and IHlog NIF—Hog IF and hog NIF
can be separated from most of the gastric proteins that do not
bind vitamin B, with affinity chromatography on vitamin Bi-
Sepharose; as shown in Table I, but this technique does not
result in the separation of these two proteins from each other.
We have been unable to achieve satisfactory separation of hog
IF fromx hog NIF using ammonium sulfate fractionation, ion
exchange chromatography, or gel filtration on Sephadex G-150.
The latter technique appeared the most promising but our
preliminary studies indicated that considerable recycling would
be required to achieve preparations of hog IF and hog NIF that
contained less than 5% contamination with each other. We have
obtained satisfactory separation of hog I¥ and hog NIF by the
use of a method of selective affinity chromatography in which
carboxylic acid derivatives of vitamin B, that lack the nucleo-
tide portion of the molecule are covalently coupled to 3,3'-
diaminodipropylamine-substituted Sepharose.

Vitamin By, derivatives that lack the nucleotide portion of
the vitamin were prepared by hydrolysis of vitamin B, as
described under “Methods.” Based on paper chromatograms
and the observations of Armitage e al. (10), the lyophilized
hydrolysate consisted primarily of mono- (7.99%), di- (17.3%),
tri- (32.2%) and tetra- (42.6%) carboxylic acid derivatives of
vitamin By, that lacked the nucleotide portion of the vitamin.
Hydrolysis for 5 min is sufficient to hydrolyze the nucleotide
from 999 of the vitamin Bj; molecules (10), but the hydrolysis
time was increased to 1 hour to insure essentially complete
nucleotide hydrolysis and to obtain a high yield of carboxyl
groups which are required for coupling the vitamin By, deriva-
tives to the substituted Sepharose (8).

The mixture of carboxylic acid vitamin By, derivatives was
coupled to 3,3’-diaminodipropylamine-substituted Sepharose
with a yield of 1.29, based on the total amount of vitamin B,
derivative present during the coupling reaction. We have not
determined what percentage of the covalently bound vitamin
By derivatives is represented by the individual mono-, di-, tri-,
and tetracarboxylic acid derivatives.

It is important that selective atfinity chromatography be
carried out as described in Step 3 of the purification scheme (see
Fig. 1) since deviations in flow rate, pIl, temperature, initial
guanidine concentration, and column size (Z.¢. total vitamin By,
derivative content) relative to sample size and content can
result in decreased scparation of hog IF from hog N1F. Thus,
slower How rates, ncutral pH, deereased temperature, lower
initial guanidine concentrations, increases in column size relative
to the amount of hog TF and hog NTF upplied, and substitution
of vitainin B-Sepharose for the selective affinity adsorbent all
have the cffect of increasing the amount of hog I¥ that is ad-
sorbed to the column without affecting the adsorption of hog
NI¥F. Increases in flow rate and initial guanidine concentra-
tion as well as deereases in relative column size have the effect
of decrensing the adsorption of both hog IF and hog NIF.

The first 7.5 M guanidine eluate (IXluate 4a) from the initial
vitamin Bi,-Sepharose column (sec Table 1) has a visible yellow
color and broad but significant absorption that declines gradually
from 300 to 500 nm. This colored material co-chromatographs
with hog NIF during selective uffinity chromatography since
fraction by fraction correspoudence with hog NIF could be
demonstrated visually and by measurcments of Agpg  This

W
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Purification of hog gastric vitamin Bi-binding proteins . c.7T T T R RS o
Step Volume Vitamin Bys-binding activity Profeia " | Specific activity | Aweidw iy
X
ol R Y
1. Hog gastric mucosal extract.............. 815 2,620 29.6 23,600 1 0.1 ; K
2. Affinity chromatography on vitamin Bi;- _ ‘ n . ~
Sepharose. .. ........................ 65.0 ‘2,130 24.4 . 174 = 12.2. . P
8. Selective affinity chromatography b o o
A. Hog IF : - S I _
A;: fractions (11 to 13) from selective . ) e .
affinity chromatography............. 27.0 148 92.7 8.65 171 , o
A,: repeat aflinity chlomatography on X )
vitamin B,;-Sepharose. ... .. . 9.9 122 97.3 4.89 24.9
A;: after the addition of .3()0 ug vxt'lmm h N
Bz to As followed by dialysis........ 16.3 148 97.3 4.89 30.3 1.6
B. Hog NIF : ‘
B,: fractions (33 to 34) from selective )
affinity chromatography............. 18.0 1,010 7.6 . 67.4 . 15.0
B:: Sephadex G-150................... 22.0 366 2.1 28.9 12.7 I
B;: 3,3'-diaminodipropylamine-Sepha- _ o
FOSE . o\ttt te e e e 45.0 307 5.3 25.2 J2.2 ER.
B.: repeat affinity chromatography on i . : SETIE
vitamin B,a-Sepharose. . . ... . 28.0 308 3.6 ' 191 | 161 [k
B,: after the addition of 900 pg v1tn- RESEET BT S
min By, to B, followed by dialysis. . 43.7 480+ 3.6 19.1 2.1, .21
. N
* Vitamin By; content. _ )

. ! : ; ") ‘f . 4 § %
colored material was separated from hog NIF by gel filtration on Cot TABLE III ST KT e e
Bephadex G-150 (see Fig. 2) where Ay co-chromatographed Schilling tests pcrformed with a pamnl unth pernicious onemm
with the small Aj peak that was eluted prior to the major Agse I
peak that coincided with the single peak of vitamin By.-binding " R ‘;{,‘ﬂ;ﬁ;’éﬁ:"“{g:ﬁo’;"g{’ W
activity. The nature of this yellow material is unknown. (9Co)Vitamin) . L protein ingested {#Cojvitamia By ¢ ©

‘A summary of the purification of hog IF and hog NIF is 1 inger B S N
presented in Table II. Hog IF has been purified 820-fold with S o Volume' - ulo:x c'xxﬂn e
a yield of 19%. Hog NIF has been purified 320-fold with a — - |
yield of 26%. Based on protein assays performed prior to the Mool e o e .a’»‘,“"; ;-, ’f.,':',‘.fi‘ff’._
addition of vitamin By, 1 mg of the final preparation of hog IF 501 .. None. LR 114007 7 1.4
contains 30.3 ug of vitamin By, and has an A, of 1.44, an Ase 501 24 pgHog IF . | 1640 .|° 143" 28.6
of 0.89, and a ratio of Asse:Ase of 1.62. One milligram of the 501 49 ug HOg NIF. 1250 . 13 . 2.5
final preparation of hog NIF contains 25.1 ug of vitamin By, and T Ssev .
has an As of 1.56, an Ase of 0.74, and a ratio of Asso:d e of : : PR SR T VR

2.11. 'The final preparations of both proteins are homogeneous pnor to dmlysm to remove.: guamdme and unbound wtamm
based on sedimentation equilibrium ultracentrifugation and  Bis, both proteins bound more vitamin B,; than when the two
polyacrylamide gel electrophoresis performed in the presence proteins were diluted 1: 10,000 .in guanidine-fre¢ buffer. and
and absence of sodium dodecyl sulfate. Studies (see below) : assayed directly for' vitamin Bi;-binding activity, In other
employing anti-IF antibody and pseudo-vitamin Bjs indicate experiments, guanidine was first removed by dialysis prior to
that purified hog IF and hog NIF are free of significant con- the addition of excess vitamin By, and subsequent dialysis to
tamination with each other. remove unbound vitamin. In these experiments, hog IF and

Removal of Vitamin Bis—Greater than 999% of bound vitamin  hog NIF both bound the same amount of vitamin Bis per mg of
Bi2 can be removed from hog IF and hog NIF by dialysis at protein as was observed when excess vitamin was added prior
22° for 72 hours against 15 volumes of 0.1 a potassium pllOS— to the removal of guanidine. This observation indicates that
phate, pH 7.5, containing 7.5 M guanidine HCl with dialysate the presence of vitamin By, is not required to achieve renatura-
changes at 24 and 48 hours. Both proteins, devoid of vitamin tion of these two proteins from guanidine and suggests that
By, can be stored in this guanidine solution at 4° for periods  other factors such as protein concentration and the rate of
up to at least 3 months without loss of vitamin Bj,-binding guanidine removal may play important roles. Detailed studies
activity. The ability to remove and replace vitamin Bj, was concerning the renaturation process have not been conducted for
used to increase the specific activity of [¥Colvitamin By, so that hog IF and hog NIF. '
certain experiments such as gel filtration could be performed Schilling Tests—The results of Schilling tests performed on a
with small quantities of protein. single pernicious aneniia patient are presented in Table III and

Renaturation of Hog IF and Hog NIF—The data presented in  demonstrate that 24 ug of hog IF were able to restore vitamin
Table IT (sce Steps 3A,, 3A,, 3134, and 3B;) indicate that when Bz absor ption to a normal lcx el. Hog NIF, at a dose of 49
an excess of vitamin B, was added to hog IF and hog NIT g, was ineffective. ‘



hibition of Vitemin By Binding by Anti-IF Antibody—The

Jts of experiments performed to determine the ability of
anti-1F antibody to inhibit vitamin By binding by hog IF, hog
NIF, and human IF are presented in Fig. 3. At a level of 200
ul of antibody, hog IF. and human 1F were inhibited approxi-
mately 989, while only approximately 39 inhibition was noted
with hog NIF. The inhibition curves obtained suggest that
this particular antibody has a significantly lower affinity for hog
JF than for human 1F.

Interaction with Pseudo-vitamin Bir—Samples of hog 1F, hog
NIF, and buman IF in 7.5 M guanidine HC] were diluted 1:10,000
in0.1 s potassium phosphate, pH 7.5, and utilized to study the
shility of peeudo-vitamin B,; to block vitamin By, binding by
these ‘proteins at 4°. The results are presented in Table 1v,
and the 22-hour data indicate that hog IF and hog NIF contain
less than 8¢, contamination with each other. The fact that
prior incubation with pseudo-vitamin By, results in a definite
decrease ‘in the rate of [¥Co]vitamin B, binding 'by hog 1F
indicates that this proteinddoes"bind pseudo-vitamin By, al-

750 .. A ‘ ‘

v é/:ffa//vb/m/ '

VIiTAen ..

. ANTI-IF ANTIBODY (p!)

Fig. 3. Anti-IF antibody studies. Constant amounts of hog
IF, hog N1IF, and human IF were incubated at 22° for 30 min with
varving amounts (0 to 200 ul) of anti-IF antibody obtained from
the serum of & patient with pernicious anemia. At the end of a
H-min incubation period, 1000 pg of {*’Co]vitamin B,; were added;
alter un additional 20 min, the amount of vitamin bound was

teriiined using the charcoal adsorption method. The amount
of 1"/, ]vitamin B,s bound was plotted versus the amount of anti-
bod; . resent,. ®, hog NIF; O, hog IF; A, human IF.

3675

though with a lower affinity than for vitamin Bys. The fact that
prior incubation with pscudo-vitamin By, slows the rate of
subsequent {¥Co]vitamin By; binding by human IF to g lesser
degree than for hog IF suggests that human IF may bind pseudo-
vitamin By, with a lower affinity relative to vitamin By, than
does hog IF. No definite conclusion can be reached in regard
to this latter point, however, since association and dissociation
rates will obviously influence the time course data presented in
Table 1V.

Polyacrylamide Disc Gel Electrophoresis—The results of the
polyacrylamide disc gel electrophoresis experiments are pre-
sented in ¥ig. 4. Single protein bands were observed in the
absence of vitamin B,, with 25 pg of hog IF and 25 #g of hog
NIF (Gels A and C, Fig. 4). When 25 ug of hog IF saturated
with vitamin By, were studied, a series of protein bands was
observed that appeared closer and eloser together as one ap-
proached the top of the gel (Gel B, Fig. 4). This finding sug-
gests that hog IF aggregates in the presence of vitamin By to
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F16. 4. Polyacrylamide disc gel electrophoresis of hog IF and
hog NIF in the absence and presence of vitamin Bia. Protein
samples devoid of vitamin By, were renatured from guanidine by
dialysis against H,0 for 72 hours at 4°.  Protein samples saturated
with vitamin Bi were renatured as described above except that
excess vitamin By, was added prior to dialysis. Gel 4, 25 ug of
hog IF devoid of vitamin By; Gel 13, 25 pg of hog 1F containing
0.76 pg of bound vitamin Byn; Gel C, 25 ug of hog NIF devoid of
vitamin Biy; Gel D, 25 ug of hog NIF containing 0.63 ug of bound
vitamin By, All four gels were subjected to electrophoresis at
the same time. Electrophoresis was terminated when the track-
ing dye approached the hottom of the gels.

TasLe IV
Interaction of pscudo-vitamin Bis with gustric vitumin Bi2-binding proteins
(wCojVitamin By bound at different time periods following the addition of 1000 pg
Ytem Nonradioactive compound present during
A-min preincubation
‘ 0.4 min | 1.0 min | 2.0 min | 5.0 min | 30 min 2hr 22 be

N 13 - v»x Q;;‘ 1] re re P4 %
Hog v ¢ TR None 176 | 323 | 344 | d01 | su3 | 548 | 690 | 1000
Rogvo 1500 pg pseudo-vitamin By 03 107 120 134 303 156 662 95.3
Hogap, L 1500 pg vitamin B,y 0 0 1 0 6 12 | 46 7.9
Hog Nyp. . .. None 285 | 397 | 516 | 657 | &2 | 006 | 972 | 100.0
R 1500 pg pseudo-vitamin B, 0 0 0 0 0 7 19 1.9
Fo e 1600 pg vitamin B;» 0 0 v} 0 0 1 10 1.0
HUlnan IF. ... AP None 148 160 221 303 550 548 613 100.0
Umap Iy, L0 1500 pg pseudo-vitamin By, 95 127 168 291 477 537 591 97.0
“Wwan IF. . .., 1500 pg vitamin B, 0 1 1 1 9 16 50 §.1
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- F16. 5. Bedimentation equilibrium ultracentrifugation studics
of bhog IF and hog NIF in the absence and presence of vitamin
Bi:. Protein samples devoid of vitamin Bi: were renatured from
guanidine by dialysis against HO for 72 hours at 4°. Protein
samples saturated with vitamin B,s were renatured as deseribed
above except that excess vitamin B,: was added prior to dialysis.
All protein samples were dialyzed against 0.05 u potassium phos-
pbate, pH 7.5, containing 0.75 s NaCl for 24 hours at 4° prior to
sedimentation equilibrium ultracentrifugation. A4, the sample
Cen-
trifugation was performed for 24 hours at 5.4° at a rotor speed of
AB2,000 rpm. B, the sample contained 292 g per ml of hog IF and

© 88 pg per inl of vitamin B,.. Centrifugation was performed at

6.0° for 24 hours at 24,000 rpm. C, the sample contained 470 ug
per ml of hog NIF devoid of vitamin B, Centrifugation was
performed at 5.4° for 24 hours at a rotor speed of 28,000 rpm. D,
the sample coutained 470 ug per ml of hog NIF and 11.8 #& per ml
of vitamin Bis.  Centrifugation was performed at 21° for 24 hours
st a rotor speed of 30,000 rpm.

.

form a series of oligomers. Apparent aggregation of this type
was also observed in experiments employing gel filtration and

sedimentation equilibrium ultracentrifugation (see below). -

When 25 ug of hog NIF saturated with vitamin Bi. were studied,
the pattern {Gel D, Fig. 4) was the same as that observed for
this protein in the absence of vitamin B, except that a faint
protein band was observed above the single major protein band.
It is not clear whether this faint band is due to a slight degree of
aggregation by hog NIF or represents trace contamination with
hog IF. Gel filtration and sedimentation equilibrium ultra-
centrifugation studies (see below) also indicate that hog NIF
does not aggregate significantly in the presence of vitamin B,.

Moleculor Weight Delermination by Sedimentation Equilib-
rium—When samples of hog IF and hog NIF were studied by
sedimentation equilibrium ultracentrifugation in the absence of
vitamin B,,, straight lines were observed in both cases when In
Az was plotted versus R* (Fig. 5, A and C). Using their re-
spective partial specific volumes of 0.714 and 0.700, calculated
from the amino acid and carbohydrate analyses (see below),
molecular weight values of 52,300 and 66,000 were obtained for
hog IF und hog NIT.

 studied under similar conditions, straight lines were obtaigeg
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‘When a sample of hog NIF saturated with' vitamin Bj; Was
for plots of In A:s versus B* and ln A,e versus B? (Fig. 5p),
Molecular weight values of 63,100 and. 61,300 were obtaineq
for the hog NIF-vitamin Bys complex using the A and Ay
data, respectively. These two values are not signiﬁmnuy
different from cach other and demonstrate COITCSpo: dengy -
between protein and vitamin By, The molecular weight itlueg
obtained for the hog NIF-vitamin By complex (63,160 apg
61,300) are not significantly different from the value ol 43,000
obtained for hog NIF devoid of vitamin By,  This fac' i
cates that hog N1F did not aggiegate in the presence of . it
Bi; under the conditions in which this experiment was perfi. tueg,

When a sample of hog IF saturated with vitamin 13.. Wig
studicd, plots of In a5 versus R* and In Ay versus R re- o
significant curvature (Fig. 5B). The fact that the deg:.¢ of
curvature is the same for both plots indicates COTFESOL. onpe
between protein and vitamin By, When portions of tlic two
curves were used for molecular weight caleulations, values rang.
ing from 60,000 to 90,000 were obtained in each case. Thiz
range of molecular weight values indicates that the hog IF.
vitamin Bi. complex existed as a mixture of monomers ang
higher molecular weight oligomers under the conditions in which
this experiment was performed. . . ,

Amino Acid and Carbohydrate Composition—The results of
the amino acid and earbohydrate analyses are presented
Table V. The values presented represent the average of two
separate analyses for each protein. Hog IF contains 17.5¢,
carbohydrate and hog NIF contains 35.5%. Based on the
molecular weights of the individual amino acids and carbo.
bydrates determined, hog IF contains 58,600 g of amino acid
and carbohydrate per mole of bound vitamin Bia. A value of
64,000 g of amino acid and carbohydrate per mole of bound
vitamin B, was obtained for hog NIF. These values are close
to the molecular weight values obtained for hog IF (52,300) and
hog NIF (63,500) by sedimentation equilibrium ultracentrify.,
gation (sce above) and indicate that both proteins contain single
vitamin By,-binding sites. - - .~ a0 nat ,

The amino acid and carbohydrate compositions/of hog IF

.and hog NIF are quite similar, but significant differences do

exist. Hog IF contains significantly greater amounts of threo-
nine, proline, and methionine than hog NIF, while the latter
protein contains significantly more of each of the six carbo-

- hydrates that are present in both proteins, ~

The sulfhydryl group content of hog IF and-hog NIF was
assayed in 0.1 M potassium phosphate containing 7.5 guani-
dine HCL. No'free sulthydryl groups were detected (<0.1
residue per mole), suggesting that all of the cysteine residues
present in these proteins are involved in disulfide bonds.

Molecular Weight Determinations by Gel Fillration—When
samples of hog IF and hog NIF devoid of vitamin By were
subjected to gel filtration on Sephadex G-150, single peaks of
vitamin Bis-binding activity were observed for both proteins
(Fig. 6, A and C). Based on the elution positions of the two
proteins, an apparent molecular weight of 74,000 was caleo-
lated for hog IF and a value of 130,000 was calculated for hog
NIF. These values are significantly higher than the molccular
weights obtained for these two proteins using sedimentation
equilibrium ultracentrifugation and amino acid and carbohydrate
analyses (see above). Protein aggregation appears to be an
unlikely explanation for the discrepancies since gel filtration
was performed at lower protein concentrations and in the same
buffer as was employed for sedimentation equilibrium ultra-
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TasLe V
.mino acid and carbohydrale composition of hog IF and hog NIF
Amino acid analysis was performed on duplicate 22-hour hy-
drolysates, and carbohydrate analysis was performed by gas-
liquid chromatography..

Residues per mole of bound
vitamin Bz
Item
Hog IF Hog NIF
Amino acid
Lysine. . ...................... ... 17 21
Histidine. .......................... 9 8
Arginine. .. ... Lo 12 12
Asparticacid............ ... ... ... 50 47
Threonine. . ........................ 37 19
Serine . ... 36 29
Glutamic aeid. .............. ... ..., 48 42
Proline. ....................... oot 31 15
Glycine. . . .............. .. e 25 23
Alanine. . ............. DU U 32 24
Valine.......... .o e 2 . | 24
Isoleucine. .. 7...... e s 25 26
Leueine . . . .oovvreee il 43 36
TYrosine, oo ovveeerien e 1 @ 11
Phenylalanine. . ... SN S U 12
. Methionine............ .. ... ... 10 62
*Half-cystine...................oo.. (L 100
Tryptophan. . .................. ... 6¢ " ge
Carbohydrate o
Fucose. . . .... e T 25
Salactose.. .. ...l Moo 8 16
dannose. ... i wei ] 18 26
Galactosamine........ e P 8 (7)¢ 16 (9)¢
Glucosamine. . ................c.... 12 (13)¢ 30 (25)¢
Sialicmeid. ........ ... ... ... N . 10¢

* Determined as methionine sulfone after performic acid oxida-
tion,

*Determined as carboxymethyleysteine. Accurate quantita-
lion as cysteic acid was not possible since ninhydrin-positive
Muterial was present in the cysteic acid region in the absence of
performic acid oxidation.

¢ Determined spectrophotometrically.

'Vidues in parentheses were determined using the amino acid
analvzer,

*I'termined by the thiobarbiturate method.’

tentlagation. A more likely explanation is that the gel filtra-
ol olecular weight values are falsely elevated due to the
far hog IF and hog NIF contain, respectively, 17.5% and
335 carbohydrate. This phenomenon lLas been reported for
“the. ulycoproteins (9, 11, 12).

V' i a sample of the hog NIF-vitamin B complex was
#wii | by gel filtration, the result presented in Fig. 6D was
ohti . 1. Under these conditions, hog NIF cluted as a simple
e -rieal peak with an apparent molecular weight of 128,000,
%hicl: is essentially the same as the value of 130,000 that was
ohtui... d when the protein was eluted in the absence of vitamin
B, iFig, 60). 'This observation indicates that hog NIF did
B0t s regate in the presence of vitamin By, under the conditions
" which this experiment was performed.

Vhen the hog TF-vitamin By, complex was studied (Fig. 6B),
-0 peaks of {¥"Co]vitamin By were observed with apparent
mf)leoular weights of 75,000 and 160,000. This indicates that a
Mixture of hog 1F monomers and dimers was present, and that
Wrcgntinn in the presence of vitamin By2 had occurred. The

—
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fact that a shoulder is present on the leading edge of the 160,000
molecular weight peak (Fig. 6B) suggests that trimers or tetra-
mers of hog 1F may also have been present.

The experiments presented in Fig. 6, B and D were repeated
under identical conditions except that the protein samples were
incubated in 0.5 il of gel filtration buffer at 37° for 8 hours
prior to being cooled to 4° and placed on the Sephadex G-150
column. In both cases, no change in the elution pattern of
[¥Colvitamin By, was observed.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis—
When 30 ug of hog IF and hog NIF were subjected to sodium
dodecyl polyacrylamide gel electrophoresis, a single protein
band was observed in each case (Fig. 7). Molecular weight
estimates of 66,000 and 100,000 were obtained for hog IF and
hog NIF, respectively, based on their mobilities under these
conditions. These values are similar to the values obtained
for these proteins by gel filtration and suggest that hog IF and
hog NIF both contain single polypeptide chains. The molecu-
lar weight values obtained by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis appear to be falsely elevated as
has been reported for other glycoproteins studied by this tech-
nique (9, 12-14).

Equilibrium  Dialysis—The results of equilibrium dialysis
experiments are presented in Fig, 8. A value of 1.5 X 101 m™?
was obtained for the association constant, K4, for hog IF and
vitamin By, A value of 1.3 X 10*® M~ was obtained for hog
NIF and vitamin Bi. These two values are not significantly
different and are similar to the value of 1.5 X 10'° M~ obtained
for human IF and vitamin B> under the same conditions (9).

Absorption Spectra—The spectra of equal concentrations of
the hog I¥-vitamin By, complex, the hog N1F-vitamin B, com-
plex, and unbound vitamin B;, are presented in Fig. 9. When
vitamin Bie is ‘bound to either of these proteins, the 361 nm
spectral maxinium for unbound vitamin By, shifts to 362 nm.

When vitamin B,; binds to either hog IF or hog NIF, there is
general enhancement of the vitamin B, spectrum above 320
nm since the speetra of the two proteins devoid of vitamin By,
are those of typical proteins with insufficient absorption above
320 nm to account for the differences between the protein-bound
vitamin By; spectra and that of unbound vitamin B;: (see Fig, 9)
in the region above 320 nm. This observation is supported by
experiments in which subsaturating aliquots of vitamin By,
were added to buffer containing hog 117 and hog NIF and the
increase in absorption at 361 nm was noted to be approximately
30¢; greater than when aliquots of vitamin By, were added to
buffer alone.

DISCUSSION

Hog IF and hog NIF have been isolated from a crude extract
of hog pyloric mucosa. Afflinity chromatography on vitamin
Bi-Sepharose served to remove most proteins that do not bind
vitamin Bis, but extreme difficulty was encountered in attempts
to separate the two vitamin Bi.-binding proteins from each other,
Holdsworth (2) and Ellenbogen ¢t al. (1, 7) have succeeded in at
least partially separating these two proteins by the use of ion
exchange chromatography, but we and other investigntors (4)
have not had success with this technique. The reasons for this
discrepaney arc not clear, but they may involve the fact that

both Holdsworth and Ellenbogen et al. employed incubation with

proteolytic enzymes at early stages in their purification schemes
sinee it i= possible that limited proteolysis changes the chromato-
graphie behavior of hog IF and hog NIF.

Several reports (1, 15) suggest that hog 1F and hoz N1F differ

LR AP

R




3678 ‘ t
. "‘irv
7‘.000 c 2 N -.,,;
< 2 g : 3 ;’ o ":#LV
§200 300 130,000 LT
\g, S . ".;ﬂ‘*:'ﬁ
L1160t HOG 1F - HOG NIF :
3}
4 ok
<20f \ 0
E‘ i 5 4
i
s so}
I 100}
£ a0} i
g .
< r .
N o o OB O - — 0 A ki
- 128,000
300} '
8 D
J16.0F L
E HOG iF- B2 HOG NIF - 8,2
> 75,000 200p
<120 It
L
® 160,000 i
T 8.0
1 R
Ag L 10.0
> a0f : !
A 0. Lo lel L A A A A A hrn .
1.0 15 20 25 30 35 1.0 14 18 22 26 30 . -
Vo /Vo Vo [V

Fie. 6. Gel filtration studies of hog IF and hog NIF in the
absence snd presence of vitamin B, Experiments were per-
formed at 4° using a column (2.0 X 95 cm) of Sephadex G-150
equilibrated with 0.05 u potassium phosphate, pIl 7.5, containing

. 0.75 m NaCl. Protein samples devoid of vitamin B,s were re-

natured from guanidine by dialysis against Sephadex G-150 buffer
for 72 hours at 4°. Protein samples saturated with vitamin Bi,
were renatured as described sbove except that excess [¥Colvita-
min By was added prior to dialysis. A, the sample contained 21
g of hog IF devoid of vitamin Bys. A molecular weight of 74,000
was obtained for hog IF based on the elution position of the single
peak of vitamin Bje-binding activity. B, the sample contained

Fic. 7. Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis of hog IF and hog NIF. Gel A, 30 ug of hog IF. A
molecular weight of 66,000 is indicated by the mobility of the
protein band.  Gel B, 30 g of hog NIF. A molecular weight of
100,000 is indicated by the mobility of this protein band. The

" arrow indicates the direction of mobility.

from each other in their affinitics for vitamin B, analogs that
contain absent or structurally modified nucleotidés. We have
taken advantage of these observations and have synthesized an
affinity adsorbant that contains covalently hound vitamin Bi,
derivatives that lack the nucleotide portion of the native vitamin.
Hog IF has a marked affinity for this adsorbant but under certain
conditions this affinity is less than that of hog NIF, and this fact
has enabled us to separate these two proteins.

We have demonstrated that hog IT contains significantly mnore
threonine, proline, and methionine and significantly less fucose,
mannose, galactose, galactosamine, glucosamine, and sialic acid
than does hog NIF. The differences between our results and
those of previous investigutors {see introductary section) are

21 ug of hog TF and 0.64 ug of [*Colvitamin Bis. Moleculs
weights of 75,000 and 160,000 were obtained for hog IF based o
the elution position of the two peaks of [¥Cojvitamin By ¢,
the sample contained 36 ug of hog NIF devoid of vitamin By, 4
molecular weight of 130,000 was obtained for hog NIF based on
the elution position of the single peak of vitamin Bis-binding
activity. D, the sample contained 36 ug of hog NIF and 0.90 ue
of [*"Colvitamin Bys. A molecular weight of 128,000 was obtained
for hog NIF based on the elution position of the single peak of
[¥"Co]vitamin B,;. The amount of vitamin Bys-binding activity,
and [¥Colvitamin B,,, recovered after gel filtration ranged fron
72 to 929, of the amounts applied in these experiments.

probably attributable to the fact that previous preparatious of
hog IF (1, 2, 7) appear to have contained significant contami-
nation with other proteins. This suggestion is supported by the
fact that previous preparations of hog IF had lower specific
activities than ours. Cy

- Under certain conditions, hog IF appears to exist as a mixture
of monomers, dimers, and other higher molecular weight olic
omers. This phenomenon has been observed in studies employ-
ing polyacrylamide disc gel electrophoresis, sedimentation equi-
librium ultracentrifugation, and gel filtration on Sephadex G-130.
The presence of vitamin By appears to be a requirement for
oligomer formation. Similar studies have failed to provide evi-
dence for significant oligomer formation by hog NIF, This ob-
servation appears to conflict with the observations of Ellenbogen
elal. (1, 7) since they obtained ultracentrifugational evidence that
both hog IF and hog NIF were capable of forming oligomers in
the presence of vitamin Biz. We do not have any definite ex-
planation for this discrepancy, but it is possible that hog NII' it
capable of forming oligomers only with different salt or protein
concentrations than we have employed. Ellenbogen et al. em-
ployed incubation with trypsin and chymotrypsin as part of their
purification scheme and it is also possible that limited proteolysis
of hog NITF must occur before this protein is capable of oligomer
formution.
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Hog IF and hog NIF have a number of properties in common

t the two proteins also differ in & number of respects. Similar

Poperties inelude: (a) both proteins have single vitamin Bj.-
inding sites; (b) both proteins have affinity constants for vita-
™ 1y, in the range of 1.3 to 1.5 X 10% m™%; (¢) both proteins
‘#in single polypeptide chains; (d) neither protein has any
“onstrable free sulfhydryl groups; (¢) when vitamin By, binds

W eithey Drotein, there is general enhancement of the vitamin By,
“Seetrun above 320 nm; the spectra of the two protein-vitamin
" Gomplexes are indistinguishable in this region; (f) the 361 nm

" _when determined by gel filtration.
.vated but the degree of false elevation is greater for hog NIF,
_{f) The two proteins also have significantly different apparent
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spectral maximum for unbound vitamin By, shifts to 362 nm
when the vitamin is bound to either protein; (g) both proteins
have molecular weights close to 60,000, although the molecular
weight of hog IF is slightly less than that of hog NIF; () hog
IF and hog NIF are both glycoproteins and contain the same

" kind of carbohydrate residues.

Differences between hog IF and hog NIF include: (a) the vita-
min Bi-binding ability of hog IF is inhibited by antibody ob-
tained from & patient with pernicious anemia, while that of hog
NIF is not. (b) Hog IF has & lower affinity for pseudo-vitamin
By; relative to vitamin By, than does hog NIF. (c) Hog IF is
able to correct vitamin By, malabsorption in a patient with per-
nicious anemia, while hog NIF cannot. (d) Hog IF facilitates
vitamin B, binding to homogenates of human and guinea pig
distal small intestine, while hog NIF does not2 (e) Hog IF and
hog NIF have markedly different apparent molecular weights
Both values are fulsely ele-

molecular weights when determined by sodium dodecyl sulfate

- polyacrylamide gel electrophoresis. The degree of false elevation

in these values is also greater for hog NIF. (g) Hog IF aggre-
gates in the presence of vitamin B;, under conditions in which
hog NIF does not. (k) The hog IF-vitamin Biz coruplex contains
less absorption from 250 to 290 nm than the hog NIF-vitamin

Bus complex. (i) Hog 1F contains significantly greater amounts

of threonine, proline, and methionine than hog NIF. (j) Hog
IF contains 17.59% carbohydrate, while hog NIF contains 35.59,.
Hog IF contains significantly lower amounts of fucose, galactose,
mannose, galactosamine, glucosamine, aud sialic acid than hog
NIF.

The differences observed between hog IF and hog NIF dem-
onstrate that these two proteins are distinet entities, The fact
that hog NIF has a slightly larger molecular weight than hog IF
And contains approximately twice as much carbohydrate rules
out the possibility that hog NIF is a limited degradation product
of hog IF. The fact that hog IF contains significantly greater
amounts of threonine, proline, and methionine rules out the
possibility that hog NIF is a zymogen-like precursor of hog IF.
It is conceivable that both proteins are derived from a common,
larger molecular weight glycoprotein, but we are not aware of
any evidence to suggest such a possibility.

"The function of hog NIF is unknown and our studies have not
provided any clues concerning this question. Aro and Griisbeck
(4) have demonstrated that hog NIF reacts with antibodies pre-
pared against crude hog granulocyte extracts and have suggested
that hog NIF is a R type vitamin Bie-binding protein since
members of this group of proteins have immunologic similarities
and are prescnt in granulocytes and variety of body fluids. It
is of interest in this regard that bog NIF does have many proper-
ties in common with the human granulocyte vitamin By-binding
protein (12). Both proteins have similar amino acid and carbo-
hydrate compositious and similar molecular weights; both pro-
teins also give rise to the same degree of falsely high estimates of
molecular weight when values are determined by gel filtration and
sodium dodecy! sulfate polyacrylamide gel electrophoresis. The
assignment of hog NIF as a member of the R type group of vita-
min Byo-binding proteins docs not, however, provide any informa-
tion concerning the function of hog N1F, since specific functions
have not been determined for any of the R type proteins (16).

* Unpublished experiments performed in eollaboration with Mr.
David Hooper and Dr. David Alpers of Washington University
School of Medicine. _
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Hog IF and human IF (9) have many common properties, but ’

the two proteins do differ in amino acid and carbohydrate com-
position, molecular weight, and in their interactions with anti-IF
antibody and pseudo-vitamin Biy. The physiologic significance
of these differences is unclear and they may reflect merely a
species difference. It is important to note, however, that hog 1F
was isolated from gastric mucosa, while human IF was isolated
from gastric juice. This difference could be important if IF is
altered by proteolytic enzymes, or other factors, prior to, during,
or after it is secreted into a gastrie juice.

Acknouledgments—In addition to the people acknowledged in
the accompanying paper (9), we would like to thank Dr. Leon
Elienbogen for his help in obtaining information concerning in-
trinsic factor concentrate.
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“ ., SUMMARY

Transcobalamin II has been isolated from Cohn Fraction
M1 derived from 1,400 liters of pooled human plasma, using
sffinity chromatography on vitamin B:-Sepharose and several
conventional purification techniques. The final preparation
was purified 2 million-fold relative to human plasma with a
yield of 12.8% and was homogeneous based on polyacryl-
mide disc gel electrophoresis, sedimentation equilibrium
utracentrifugation, and chromatography on Sephadex G-150.
Transcobalamin I binds 28.6 pg of vitamin B,, per mg of
protein and contains one vitamin Bi,-binding site per 59,500 g
of protein as determined by_amino acid analysis. The
molecular weight determined by sedimentation equilibrium
utracentrifugation was 53,900 . and by gel filtration on
Sephadex G-150 was 60,000. - Sodium dodecyl sulfate poly-
torjlamide gel electrophoresis disclosed two peptides with

Molecular weight values of 38,000 and 25,000 which suggests

thet transcobalamin II contains 2 subunits.

When vitamin B,, binds to transcobalamin II there is a
shift in the peak of vitamin B, absorption from 361 nm to
364 nm. Analysis of transcobalamin II for carbohydrate
¢ontent using gas-liquid chromatography and amino sugar
tnalysis by the amino acid analyzer suggest that this trace
Pasma protein is not a glycoprotein.

Sr—

Huan plasma contains two vitamin Byg-binding proteins in
*Ipio -nately” oqual concentration which can be distinguished
from -10h other on the basis of a number of physieal and fune-
tiona] | “rameters. - The first of theso proteius, transcobalamin
Lhes . molecular weight of approximately 120,000 as detcrmined

by ! filtration and does not bind to Cm-Sephudex at pll 6.0.

ke socond mejor plasma vitamin B-binding protein, trans-

%

* This work was suppbrted by Grants AM 10550 and HL 09022
fran the National Institutesof Health, PRA-33 from the American

ancer Society, and Spbeial Research Fellowship AM 51261 from
¢ National Institutes of Health. This work was presented in
Tt at the Meeting of the American Society of Clinical Investi-

* Btion, Atlantic City, New Jersey, May, 1972 (1).
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cobalamin II, has a molecular weight of 36,000 to 38,000 by gel
filtration and docs bind to Cin-Sephadex at pH 6.0 2.

Several investigators have recently postulated the existence of
a trapscobalamin HI based on the finding of two peaks of 120,000
molecular weight vitamin Byrbinding protein when human
plasma is fractionated on DEAE-collulose (3, 4. It has not
been established whether the heterogeneity observed for the
120,000 molecular weight vitamin Biy-binding protein is a result
of microheterogeneity of transcobalamin I or whether it reflects
the existence of separate protein species with major structural
differences. Questions of this type are difficult to resolve using
crude human plasma.

Transcobalamin I contains approximately 809 of the vitamin
By found in hormal plasma (5) and vitamin B, bound to this
protein has a plasma half-life of approximately 9 days 6). A
specific transport function for transcobalamin I has not been
defined. ‘

Transcobalamin IT is postulated to function in vitamin B,,
transport. It has been observed in vivo that after physiological
levels of [¥Colvitamin-B,» are absorbed from the ileum, the
vitamin appears in the plasma bound almost exclusively to
transcobalamin II (7). Vitamin By, bound to transcobalamin
11 in plasma is cleared primarily by the liver and has a plasma
half-time of 12 hours (8). Studies conducted in vifro have
demonstrated that crude preparations containing transcobalamin
II facilitate the cellular uptake of vitamin B2 by human reticu-
locytes (9, 10), Hela cells (11, 12) and Ehrlich ascites tumor
cells (11). Significantly greater amounts of vitamin By, are
taken up from culture media by these cells when vitamin By, is
bound to transeobalamin II than when vitamin B, is present
in unbound form or is bound to other vitamin B-binding pro-
teins such as transcobalamin I or intrinsic fuctor. A

Additional studies concerning the plasma vitamin By,-binding
proteins have been limited by the fact that the vitamin B
binding capacity of human plasma is less than 2 ug per liter
(3, 4). Using the molecular weight values obtained by gel
filiration and asswning one vitamin Br-binding site per mole-
cule of vitamin Bpe-binding protein, 1 liter of human plasma
contains less than 100 ug of cither transcobalamin I or trans-
cobalamin II. Purification in excess of a million-fold would be
required to achieve homogencity for either of the proteins, and
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this has been beyond the limits of conventional purifieation
techniques.

Using aftinity chromatography in addition to ion exchange
chromatography and gel filtration, we have succceded in isolat-
ing transcobalamin I, This report is coneerned with the puri-
fication and physical properties of this protein.

EXPERIMENTAL TROCEDURES

Materials

Cohn Fraction 11l was obtained from the American Red Cross
National Fractionation Center. Other materials were obtained
as deseribed in the first two papers in this series (13, 14).

Methods

Vitamin Bj-binding assays were performed using a modifica-
tion (13, 14) of the method of Gottlieb et al. (15). Solutions
containing radioactive and nonradioactive vitamin By were
assayed as described in the first paper in this series (13). The
isolation of monocarboxylic acid derivatives of vitamin 13, and
their covalent attachment to 3,3’-diaminodipropylamine-sub-
stituted Sepharose using a carbodiimide was performed as de-
scribed in the first paper in this series (13). The content of
covalently bound vitamin B,» was 0.68 umole per ml of packed

Sepharosc.
Protein assays, polyaerylamide disc gel electrophoresis, sodium

- dodecyl sulfate polyacrylamide gel electrophoresis, sedimentation

equilibrium ultracentrifugation, molecular weight determinations
by gel filtration, amino acid analysis, assay of sulfhydryl group
content, carbohydrate analysis, and absorption and difference
spectra were all performed as described in the second paper in
this series (14).

Purification of Transcobalamin I1

Step I: Cohn Fraction 111 of Human Plasma—Transcobalamin
II was purified starting with Cohn Fraction III of human plasma.
All procedures were performed at 4°. Each lot of Cohn Frac-
tion III (72 kg) was derived from approximately 3000 liters of
pooled human plasma. A typical purification using 34 kg of
this material is described below. ‘The frozen material was
chopped with an ice pick into pieces weighing less than 500 g
and 8.5 kg of these frozen pieces of .Cohn Fraction 11 were
placed in each of four new 100-liter plastic trash containers
which contained the following: 90 liters of HyO at 4°, 124.2 g of
NaH,PO,-H.0, 20.8 g of Na,HPO,-7 H;0, and 526 g of NaCl.
After the addition of Cohn Fraction IIl each container was
stirred continuously for 4 hours using a motor-driven propellor
type mixer. At the end of this time the pH of the Cohn Frac-
tion ITI suspension was approximately 5.8.

Step 2: Cm-Sephadex—Sixty-three grams of dry, unprocessed
Cm-Sephadex-C50 were added to each container and stirring
was continued for an additional 4 hours. After the addition of
the Cra-Sephadex, the pH of the suspension rose to 5.9.  Stirring
was-stopped and the Cm-Sephadex was allowed to settle over-
night. The upper 85 liters of each container were next removed
through a siphon and disearded. Tle Cm-Sephadex was col-
lected from the 8 liters of suspension remaining in each container
by suction filtration using a Buchner funnel and 24-em diameter
circles of 8 & S filter puper No. 585.  Approximately 2 kg of
Cni-Sephadex, wet weight, were recovered from each of the
large plustic containers, and the Cm-Sephadex from each con-
tainer was suspended in 4 liters of the original Cohn Fraetion
JI suspensiou solution.  After stirring for 5 min each suspension

“100 ml per hour.
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" of Cm-Bephadex was again collected by suctiont filtration. Jpq,

batch of Cm-Sephadex was then suspended in 2 liters of ¢ X
sodium phosphate, pH 5.8, containing 1.0 M sodium chlorig,
and stirred with a magnetic stirrer for 30 min. - Each SuSpensigy
was suction-filtrated on a Buchner funnel containing a 250
dinmeter circle of S & S glass wool No. 24 on top of 2eq
diameter cirele of 8 & S filter paper No. 585. The filter cake
was then washed directly on the Buchner funnel with gy add;.
tional 2 liters of the same cluting solution. A eombine! toty) of
19,700 ml of this elution filtrate was obtained and containcq s
of the vitamin By-binding activity present in the initis] Coh;
Fraction I1I suspension., The elution filtrate containe! only 4
faint turbidity and was used directly for affinity c‘”'“lnato&
raphy on vitamin B,-Sepharose. b

Step 3: Afiinity Chromatography on Vitamin Buy-Sepi - s A
column 2.5 em in diameter and 2 em tall of vitamin B,,-& ohargss
was prepared and washed with 100 ml of 0.1 » glycin- NaOH
pH 100, followed by 100 ml of 0.1 » sodium phosphate, pli 35
containing 1.0 s NaCl. This procedure served to remove tmoe;
of vitamin B, which had become hydrolyzed from covaleny
linkage to Sepharose. The entire 1.0 M NaCl elution filtrage
from the previous Cin-Sephadex batch step was then applied 4,
the column of vitamin B;-Sepharose with a gravity heagd oi
approximately 250 em of water. The flow rate was approy,
mately 500 ml per hour. Only 7.7¢ of the vitamin Bu-bindif,8
activity applied to the vitamin Bi,-Sepharose column wys
covered in the total effluent. Small aliquots of the effluent wer
collected directly from the vitamin Bj;-Sepharose column at
various times during the 'sample application. These aliquot
were also assayed for vitamin Bybinding activity. They in-
dicated that early in the sample application greater than g9
of the vitamin Birbinding activity was adsorbed to the vitaniy
B12-Sepharose and that this level of adsorption had fallen to 90¢;
near the end of the sample application. - After the entire sample
had been applied, the column was then washed with different
volumes of a variety of solutions in the following order,. Wash
1: 100 ml of 0.1 m sodium phosphate, pH 5.8, containing 1.0 x
NaCl. Wash 2: 500 ml of 0.1 u potassium phosphate, pIl 7.5
Wash 3: 1950 ml of 0.1 M glycine-N2OH, pH 10.0, containing
1.0 a NaCl and 0.1 M glucose. Wash 4: 300 ml of 0.1 u sodium
phosphate, pI 5.8, containing 1.0 m NaCL .-Wash 5: 150 ml of
H:0. Wash 6: 275 ml of 0.1 M potassium phosphate, pH 7
Wash 7: 100 ml of 0.1 M potassium phosphate, pH 7.5, contain
ing 0.75 m guanidine HCL. "The flow rate during the first sh
column washes was 200 ml per hour and that of Wash 7 wx
The effluent fromn each wash was collectd
separately. At the completion of Wash 7, the flow rate wx:
decreased to 20 ml per hour and a solution of 0.1 M potassium
phosphate, pH 7.5, containing 7.5 M guanidine HCI was applied
The first 43.0 ml of column effluent were collceted in their ex-
tirety and were designated as column Wash 8a. The next 5.3
effluent from Wash 8 was collected separately and designated as
column Wash 8b. At this point the column was clamped ad
allowed to stand for 18 hours. At the end of this time the t
umn was unclamped and the first 13.0 ml of effluent were et
lected and were designated as coluran Wash 8c.  Each of the
coluinn effluents mentioned above was assayed for vitamie
B.y-binding activity and, except for those fractions containing
guanidine, was also assayed for protein content. The result
are presented in Table I.  Eluate 8a from vitamin B;-Sephars
aflinity chromatography was mixed with [%Colvitamin-I (15*
ug, 0.0034 pCi per ug) in a final volume of 44 ml.  This mixte®
was dialyzed against 6 liters of 0.1 m I'ris-HCI, pH 8.9, eontaix
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" Tasre 1
Affinity chromatography of transcobatamin 11
Item Volume Vitamin Bu-binding activity Protein Flow rate
- . ml ng/ml lotal ng mg/ml total mg ml/kr
Cm-Sephadex eluate applied to vitamin By;-Sepharose.| 19,700 22.8 447,000 38.5 760,000 500
Initial effluent from vitamin Bi:-Sepharose. ......... 19,700 1.70 33,500 39.5 778,000
Further elutions of vitamin Bi:-Sepharose:
1. 0.1 M sodium phosphate, pH 5.8, 1.0 m NaCl. ... 100 0.86 86 0.57 67 200
9. 0.1 M potassium phosphate, pH76 .. ... ..o 500 0.74 370 0.18 90 200
3. 0.1 u glycine-NaOIl, pH 10.0, 1.0 m NaCl, 0.1 m
GIUEOBE. . .. 1,950 2.12 4,130 0.38 1,570 200
1. 0.1 u sodium phosphate, pH 7.5, 1.0 m NaCl.... 300 +0.62 186 0.01 3 200
5 HO v R 150 0.38 57 0.00 0 200
6. 0.1 m potassium phosphate, pH 7.5............. 275 0.03 8 0.00 0 200
7. 0.1 M potassium phosphate, pH 7.5, 0.75 M guani- .
dine HCL . oot 100 0.44 44 100
8. 0.1 u potassium phosphate, pH 7.5, 7.5 M guani- '
dine HCl:
a. Initial cluate. . ......... e 43.0 4,600 198,000 20
b. Eluted immediately after8a................. 5.3 30 159 20
¢. Eluted 18 hours after 8b. ............c....o0e 13.0 25 325 20
" Eluate 8a after addition of 1,320 ug of vitamin B . ‘
followed by dislysis. . ... 62.0 5,(90° 353,000° 0.398 24.7

* Vitamin Bis content.

iig 0.2 u NaCl. After 4 hours the dialysate was changed and
«fter an additional 24 hours the dialysate was changed to 6 liters
o 0.1 u Tris-HCl, pIl 8.9, without NaCl and dialysis was
continued for an additional 45 hours. Greater than 99% of un-
bound vitamin By, was removed by dialysis under these condi-
tions. The transcobalamin Il-vitamin Bj, fraction was centri-
fuged at 50,000 X g for 30 min to remave denatured protein
prior to chromatography on DEAE-cellulose.
Step 4: Chromatography on DEAE-Cellulose—A column (0.9 X
. 12 cm) of DEAE (Whatman DE 52) equilibrated with 0.1 M
- TrigHCI, pH 8.9, was first washed with 60 ml of 0.1 s Tris-
HCL, pH 8.9, containing 0.0111 pg of [#Co}vitamin-Bjz per ml
. 100034 pCi per pg) before the transcobalamin Il-vitamin Bje
¢ fnction fromn Step 3 was applicd to the column at a flow rate of
% ml per hour. The columu was washed with 10 ml of the
"“Co]vitamin-By2 containing equilibrating solution and then
#uted with a linear gradient in which the mixing chamber con-
tained 225 ml of 0.1 M Tris-HCI, pll 8.9, and the reservoir con-
Qined 225 ml of 0.1 M Tris-HCl, pHL 8.9, containing 0.5 3 NaCl.
All of these cluting solutions contained {""Colvitamin-Bi; as
fesciil o] above. Fractions were assayed for Aso, vitamin Bro
Mitent und conductivity. The results are presented in Fig. 1.
Fiucti ., 50 through 65 were pooled. :
fS‘€P »: Chromalography on 3,3'-Diaminodipropylamirw-sub-
Yituter, " pharose—A column (0.9 X 6 cm) of 3,3'-diaminodi-
Propyli,.ine-substituted Sepharose was equilibrated with 100
uhof 6. Tris11C), pll 8.9, containing 0.2 M NaCl. The
DEAE- cliulose pooled fractions 50 to 65 of transcobalamin
Lvitaimin Bie were applied to the column at flow rate of 50
B hor lour and the column was eluted with this same buffer.
he first, 82 ml of efftuent from the column contained greater
t thay 99 of the transcobalamin I1-vitamin By applied. The
Uangeohylamin II-vitamin By, solution was adjusted to contain
‘ 75 % NaCl and was then concentrated to approximately 1 ml
UM-10
“embrane, Despite stirring during the concentration procedure,
ted £l was observed on the Diaflo meinbrane at the comple-
% of the concentrating procedure. The Amicon concentrate

was removed and the concentrating vessel was rinsed repeatedly
with 0.05 M potassium phosphate, pIl 7.5, containing 0.75 M
NaCl until the Ted film on the membrane went into solution.
The final concentrate was slightly turbid and this precipitate
was removed by centrifugation at 10,000 X g for 10 min. Ap-
proximately 4% of the total vitamin Bz present was present in
the small pink precipitate, with the remaining 96% being present
in the 6.0 ml of red supernatant solution. This supernatant
solution was immediately subjected to chromatography on
Sephadex G-150. : '

Step 6: Chromatography on Sephader G-1 50—A column (2.0 X
90 em) of Sephadex G-150, fine grade, was equilibrated with
0.05 n potassium phosphate, pH 7.5, containing 0.75 M NaCl
and {FCo)vitamin-Bi (0.0111 pg per ml, 0.0034 pCi per pg).
The transcobalamin LI-vitamin Bys fraction from the preceding
step was applied direetly to the top of the column and the col-
umn was eluted with the equilibrating solution at a flow rate
of 20 ml per hour. Fractions of 3.3 ml were colleeted and as-
sayed for vitamin B content and for absorption at 280 nm
(Fig. 2). Fractions 51 to 64 were pooled and concentrated
using an Amicon ultrafiltrator as deseribed in Step 5. A red
film also observed on the Diaflo membrane at the end of this
concentration procedure was dissolved as deseribed in Step 5.
Less than 19, of the vitamin B placed in the Amicon ultra-
filtrator passed through the UM-10 membrane. The Amicon
concentrate and the rinses were combined, centrifuged at 10,000
% g for 10 min, and the red supernataut decanted. A small
durk red pellet containing 2¢¢ of the total vitamin By present
was disearded. The red supernatant, containing 93¢ ol the
vitamin By, was divided into 1.5-m] aliquots, quick-frozen in a
Dry Ice-acetone bath, and stored at —70°. A sunumary of the
purification procedure is presented in Table I1.

KHESULTS

Original attempts to purify transcobalamin I by passing
plasma directly over vitamin Bj-Sepharose columns were un-
successful because of the viscous nature of plasma and the fact
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Fia. 1. Elution pattern (purification step 4) of the transcobala-
min TI-vitamin By; complex after chromatography on & column
(0.9 X 12 cm) of DEAE-cellulose. The column was equilibrated

tained 225 ml of 0.1 M Tris-HCI, pH 8.9, and the reservoir contaipeg
225 ml of Tris-HCl, pI1 8.9, 0.5 M NaCl. O, Aue; @, vitamin Byg
m, conductivity. The arrow indicates the point at which the

with 0.1 & Tris-HCI, pH 8.9, prior to sample application and wus gradient was begun. .
eluted with a linear gradient in which the mixing chamber con- N .
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Fic. 2 (left). Elution profile (purification step 6) of the traus-
cobalamin 1I-vitamin B;; complex on a column (2.0 X 90 em) of
Sephadex G-150 equilibrated with 0.05 m potassinm phosphate,
pH 7.5, eontaining 0.75 M NaCl and 0.0111 g of [¥Colvitamin-Bi
(0.0034 uCi per ug) perml. O, Awo; @, vitamin Bie; A, speeifie
activity. Vo and V', were determined with blue dextean 200 and
dinitrophenylalunine, respectively, during eight other gel filtration
experiments under the sume conditions as above with less than 149

e

variation in their position. On the elution profile shown here the
transcobalamin TI-vitamin B,y complex hias an apparent moleculi”
weight of 60,000 as indicated (see Fig. 6). The expected elutior
positions for 38,000 and 25,000 molecular weight material are also
indicated.

Fra. 3 (right). Polyacrylamide dise gel electrophoresis of X
zg of transcobalamin 11 eontaining 1.05 g of hound vitamin B

S
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Purification of transcobalamin [
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’ [ Transcobalamin !
Step Volume 1‘351‘!;::5'.:’3 Protein Specific activity A0, it ! Fold purified Yield
activity
B __M“————— e e Y e | m—— | e ———

t ' - . ' m! total ng tolal mg ﬁ:tfnfij’::’:'rrgxn [‘ ! ’ A
Bananplasma... ... 0 1,400,000 | 140,000,000 | 98,000,000 0.0143 | ! 1 100
“ohn Fraction 1T ... . 77" 372,000 573,000 | 5,280,000 | 0. 109 ; | 7.6 40.9
‘m-Sephadex eluate. . ... ... | " 19,700 447,000 760,000 | 0.5u8 f 1 l 31.9
ity chromntography on vitamin B,- i

Sepharose....... .. 62.0 353,000 21.7 14,000 1 3.56 | 1,000,000 ' 25.2
MAB-cellalose. . ..., 61.5 276,0007 11.2 24,600 J 2.46 1,720,000 19.7
: 1-Diaminodipropylamine Scpharose . . 82. 258,000 | 10.2 25,400 2.38 1,780,000 18.4
Vphadex G-150........ .. 9.1 179,000% |- 6.26 28,600 2.04 2,000,000 12.8

"Values for protein content,
jurfieation. The values

| *Based on vitamin Bis content.

at precipitates’ form during chromatography causing slow
{ wlumn flow rates. « - ) '

Cohn Fraction TII, ‘supplied as a frozen wet paste in 72.kg
" is derived from 3000 liters of pooled human plasma, was used
-sstbe starting material. We have tested five separate lots of
b Fraction 1IT and have observed vitamin Bis-binding ac-
- wities ranging from 12 to 18 ng of vitamin By, bound per g of
“nien, wet paste.  No loss of activity has been noted after
,%orge of Cohin Fraction 111 gt ~20° for several months. Based

4 the binding of the vitamin By,-binding protein in Cohn Frac-

v 1 to Cm-Sephadex as well as its elution profile on Secpha-
¢ G-150 we conclude that greater than 95% of the vitamin

3;:-biuding activity in Cohn Fraction II] is attributable to

“unscobalamin 1T (2). Assuming that pooled human plasma
akins 1 ng per ml of transcobalamin I1-vitamin B >-binding
Clivity, 2707 ¢, 409 of the transcobalamiy 1] present in plasma
*tecovered in Cohn Fraction I11.

s shown in Table 1T transcobalamin II js partially purified
b batel, chromatography on Cm-Sephadex before it is further -
“wrified by affinity chromatography on vitamin B1»-Sepharose,
e Cni-Sephadex step results in a 20-fold reduction ju volume
M a 5 fold purification, but its major advantage is that trans-
wbalurniy 11 is obtained in a solution that is cupable of passing
e A olumn of vitamin Bis-Sepharose without clogging the
“humy, Initial attempts to suspend Cohn Fraction 11l in
Mous huffers followed by centrifugation failed to produce

:‘!“ﬁt".~ that were suitable for direct application to vitamin

B8 rose because of protein precipitation.

The ‘mposition of the solution used to suspend Cohn Frac-

LY sodiumn phosphate, pH 5.7, 0.1 u NaQl) is im-

M sinee at lower concentrations of NaCi transcobalamin
0t iut go into solution while at higher concentrations it docs

Whi) g0 Cm-Sephadex. Transcobalamin I1 was cluted from

MSesit adex with 0.1 M sodium phosphate, pH 3.8, containing
SN, Transcobalamin I can also be eluted from Cm-
"\‘N“"’f‘x with 0.1 a sodium phosphate at pll values greater
W80, but this eluate precipitates within hours of the clution
®ocess which makes aflinity chromatography on vitamin Bjo-
_p]'ill'»ac impossible. Transcobalamin IT i relatively unstable
“ter ciugion from Cm-Sephadex since about 107 of the vitamin
H{inding activity is lost per 24 Lours at 4°,
No atternpt has been made to determine the minount of trans-
Uamiy IT already containing bound vitumin By, that is pres-

——
and transcobalamin I-vitamin Bis-binding activity were not

given are averages obtained from analysis of other human plasma samples.

determined on the

ent in Cohn Fraction III, nor have we analyzed the fate of this
complex during the early purification steps. Based on our find-
ing (see below) that transcobalamin II has one vitamin B,-
binding site per molecule, we would not expect that transcobala-
min II already containing vitamin B,, would be adsorbed by
the vitamin B,s-Sepharose column. ,

Affinity chromatography on vitamin Biy-Sepharose results in
a 24,000-fold purification of transcobalamin 1I, but approxi-
mately 509 contaminating protein is still bresent after this

purification step. This result is in contrast to the purification

of the granulocyte vitamin Bia-binding protein (14) where no
detectable contaminating protein is present after affinity chro-
matography. The most likely reason for this difference resides
in the faet that 98¢5 of the granulocyte vitamin Bis-binding
protein remained adsorbed to vitamin Biy-Sepharose when the
column was washed with 5.0 M guanidine HCI while significant
amounts of transcobalamin II are eluted with 5.0 3 guanidine
HCl and this washing procedure eould not be employed for
transcobalamin II. The comparative case of elution of trans-
cobalamin 11 is also demonstrated by the fact that only several
howss of incubation with 7.5 M guanidine are required for elution
(see Tuble 1) while 41 hours are required for the granulocy te
vitamin Bia-binding protein (14).

Transcobalamin I1 has been purified 2 million-fold relative (o
plasma with g recovery of 12.8¢, (Table 1I). The final prep-
aration is homogeneous based on results of disc gel electropliore-
sis, sedimentation equilibrium ultmcentrifugation, gel filtration
on Sephadex G-150, and the ratio of total amino acid content to
bound vitamin B, Based on the pooled Sephadex G-150
fractions, 1 mg of brotein contains 25.6 #g of bound vitamin and
has an s of 1.5 and an A6 of 0.74. The ratio of Aagpilg
is 2.04.

Solubility of Transcobalamin 11-Vitamin B2 Complez—Trans-
cobalamin 11 saturated with vitamin B, precipitates under a
variety of conditions, e.g. dialyvsis of tranzeobalamin He-vitamin

B2 (0.1 mg of protein ver mD against 11,0 or 0.1 3 sodium gee- -

tate pll 5.5. Detailed studies concerning transcobalamin 11
solubility have not been conducted but the Drecipitation or the
transcobakimin H-vitamin By complex appears favored by high
protein concentration, low pll values, and deereased ionie
strength.  The transcobalamin H-vitamin B complex is soluble
in 0.05 M potassium phosphate containing 0.75 \t Na€] ut pro-
tein concentrations ag ligh as 1 mg per ml. Solutivus of this

plasma used in thig
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composition were utilized for storage of the protein as well as
for performing many of the physical studies outlined below.
Removal of Vitamin By, from Transcobalamin 1{—Vitamin By,
can be removed from transcobalamin 11 by dialysis at room
temperature against 7.5 ar gnanidine 1Y containing 0.1 M po-
tassitm phosphate, pH 7.5, When teaoscobalamin 11 contain-
ing vitamin By is dialyzed sgainst 15 volumes of {his solution
with changes at 21 and 48 hours, greater than 9070 of the orig-
inal bound vitamin By is resoved in 72 hours. Pranscobulamin
I1 devoid of vitamin By can e stored in this guanidine solution
at 4° for at least 3 wonths without significant loss of vitamin
Bia-binding activity as assayed by adding a 3-Told excess of
vitamin By (containing radivactive vitamin Bis) to the trans-
cobalamin 1 guanidine solution, followed by removal of guani-
dine and unbound vitamin By, by dialysis against 0.1 » potas-
siumt phosphate, pII 7.5, containing 0.75 M NaCL. The ability
to remove and then replace the original bound vitamin By was
used to inerease the content of [“Colvitamin-By, so that certain
studies, such as gel filtration, could be performed with small
quantities of protein.
. Faclors Influencing Renaturation of Transcobalamin IT—The
renaturation (i.e. vitamin By-binding ability) of transcobalamin
II is greater when guanidine is removed by dialysis in the pres-
ence of a 3-fold excess of vitamin By than when aliquots of the

 protein in guanidine are diluted 1:5,000 and assayed for vitamin

Bu-binding activity directly. This is illustrated in Table I
where the initial 7.5 a guanidine HCI eluate from vitamin Bis-
Sepharose bound 353,000 ng of vitamin B, by the former method
and only 198,000 ng by the latter method. - Similar results are
obtained using the final preparation of transcobalamin II.  Thus,
when a 3-fold excess of vitamin By, is added prior to dialysis,
transcobalamin IT binds 27-30 ug vitamin B per mg of protein
compared to a value of 14 to 18 ug of vitamin By per mg of
protein when the vitamin is added after dialysis or after a 5,000
to 75,000 dilution of a solution containing the protein and guani-
dine. These results indicate that the presence of the vitamin
is an important factor in- the renaturation process. A similarly
increased yicld of native protein after renaturation in the pres-
ence of vitamin By, was also observed for the granulocyte vitamin
Bie-binding protein (14).

In other studies variation in protein concentration, tempera-
ture, pIl, and salt concentrations as well us the addition of
EDTA, sulfhydryl compounds, and glycerol have not resulted
in any significant increase in the renaturation (Te. vitamin By,-
binding activity) of transcobalamin II when guanidine is removed
in the absence of vitamin B;;. The presence of 0.02 M 2-mer-
captocthanol and dithiothreitol both cause a marked decrease
in the degree of transcobualamin IT renaturation.

Polyacrylamide Disc Gel Electrophoresis—When 30 ug of the
transcobalamin IT-vitamin By, complex were subjected to poly-
acrylamide dise gel electrophoresis and stained for protein the
pattern presented in Fig. 3 was obtained. Unstained gels had
a faint red color that was localized to the entire region of the
gel that stained for protein.  Unstained gels were cut into 1-mm
sections and the distribution of vitamin By was determined by
measuring the radioactivity of the individual gel slices. A
single broad peak of radiouctivity was observed that coincided
with the gel region that stained for protein.  The reason for the
failure to obtain a sharper band of cither protein or vitamin I3,
has not been determined but may be related to the limited solu-
bility (see above) of the transcobalamin H-vitamin Bi; complex
since high protein coneentrations are achieved during the stack-
ing period of dise gel eleetroplnresis.
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Fia. 4. Plot of In absorhance versus R2 for the transeohalyy;
I-vitamin B, complex in 0.05 M potassium phosphate, pH Tl-n
containing 0.75 m NaCl. In this experiment the protein «-r.m-g{,‘;'
tration was 0.136 mg per ml and the cell was scanned at 280 '

Molecular Weight Determination by Sedimentation Equilibriy
~—Bedimentation equilibrium experiments were performed With
the transcobalamin II-vitamin Bz complex at protein econgey,

trations of 0.068, 0.136, and 0.204 mg per ml in 0.05 M pogy,,

sium phosphate, pII 7.5, containing 0.75 » NaCl. Plots of |,
Aszgo versus R? and In Asg versus R? gave straight lines in a)
three experiments. The plot of In A versus R2 obtained g
0.136 mg of protein per ml is shown in Fig. 4. The values o,
the slopes of the straight lines obtained by plotting In absorbanee
versus R? were the same when cells were seanned at 250 nm gang
360 nm indicating correspondence between protein and vitamj,
Bj,. No dependence on protein concentration was observed,
Using the partial specific volume of 0.747 caleulated from e
amino acid analysis (sce below) a molecular weight of 53,900 4+
2,360 8.1. was obtained for the transcobalamin IL-vitamin B,
complex using the data from the 280 nm scans. When datg
from one of the 360 nm scans were used to caleulate the molecy-
lar weight, a value of 52,800 was obtained,

Amino Acid Analysis of Transcobalamin II—The amiuo aci
composition of transcobalamin 11 is presented in Table 118

When sulfhydryl groups were assayed in 7.5 ¥ guanidine II(1
containing 0.1 M potassium phosphate, pH 7.5, no sulfhydni
residues were detected (<0.1 residue per mole of transcobalamin
). This finding indicates that any cysteine residues in trans-
cobalamin II are involved in disulfide bands. ' '

Based on the molecular weights of the individual amino peids
determined, transcobalamin I containg 59,500 g of amine acid
per mole of bound vitamin By, This value is close to the v
spective molecular weights of 53,900 and 60,000 determined for
the transcobalamin Il-vitamin B, complex by sedimentation
equilibrium ultracentrifugation (sec above) and gel filtration on
Sephadex G-150 (see below). The agreement amonyg thes
studies indicates that transcobalamin 11 contains a single vita-

min B-binding site and that the final preparation of transco- |

balamin IT is devoid of major contamination by denatured trans
cobalamin IT or other proteins,

Carbolydrate Analysis—No carbohydrate residues were de-

tected in the final preparation of transcobalamin IT by g
liquid chromatography and no amino sugar residues were de-
lected on the amino acid analyzer. The amount of protes
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Amino acid composition of transcobalamin I1

1]
Residues of | Residues of

Amino acid | &T:%ﬂcﬁ Amino acid ;::lzﬁyﬁc:;il
. bound bound

vitamin B vitamin Bis
fasine. .......... ... 24 Alanine............ 42
- fwtidine. ... 20 Valine............. 23
Arginine. .. ... ... .. 25 Isoleucine........ . 16
Aspartic acid. . ...... 37 Leucine. ........ .. 92
Threonine............ 27 Tyrosine. ......... 14
setine. .............. 37 Phenylalanine. . . .. 14
lutamic aeid........ -7l Methionine. ... .... 10-
Prolige. ......... el 27 Half-cystine. ...... b
Glyeine. ............. 43 Tryptophan. . ..... 6¢

+ Determined as methionine sulfone after performic acid oxida-

_tion.

'Accurate quantitation was not possible since ninhydrin-
pasitive material was present in the cysteic acid position in the
sbeence of performic acid oxidation. If one assumes that all of
e material in this region is cysteic acid, then 9 residues were
present in the standard analysis and 13 residues were present
atter performic acid oxidation. '

¢Determined spectrophotometrically.
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Fic. 5. Sodium dodecyl sulfate polyacrylamide gel electropho-
i of 30 pg of transcobalumin II. Electrophoresis was per-
‘srmed for 734 hours, and at the end of this time the tracking dye
ns located 3 em from the bottom (ieff) of the 20-cm gel. The
whility of the two protein bands indicates molecular weights of
§,000 and 25,000. .

e

malyzed was such that 1 mole of fucose, galactose, glucose,
mannose, N-acetylgalactosamine, N-acetylglucosamine, or sialic
¥id per mole of bound vitamin By; would have been detected.
Thus, transcobalamin 11 is not a glycoprotein.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis—
Whew 30 pg of the transcobalamin II-vitamin B, complex were
Nbjected to sodium dodecyl sulfate polyacrylamide gel elec-
Yophoresis, two protein bands were observed that stained with
Coomussie brilliant blue with equal intensity (Fig. 5). The
Woleeylar weights estimated for these polypeptides were 38,000
d 25 0y,

The .um of the molecular weights of these two components is
W00 -vhich is similar to the molecular weight estimates for
’“_‘nsvr L.ulamin 11, obtained by sedimentation equilibrium, amino
Y 411, tysis, und gel filtration, and suggests that transcobalamin

ol 'sts of one 38,000 molecular weight subunit and one

000 .0lecular weight subunit.

Mot udar Weight Determination by Gel Filtration—Gel filtra-

" v the final step used in the purification of transcobalaimiu

L. This was performed on a column (2.0 X 90 em) of Sephadex

150 tnuilibrated with the same solution used for the sedi-
Yentation equilibrium studics, t.e. 0.05 M potassium phosphate,
M 75 075 M NaCl. Transcobalamin II was eluted as an
Wlyted peak with correspondence hetween the amount of Az

vitamin B)s as shown in Fig. 2. Based on the empirically
ermined relationship between K,y and log molecular weight

fieg Yig, 6), the transcobalamin IT-vitamin B, complex had a
Yolecular weight of 60,000. Sodium dodecyl sulfate gel elee-

Dhoresis basg suggested that transcobalamin 11 consists of 2
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Fi6. 8. Determination of the apparent molecular weight of
transcobsalamin II by gel filtration on a column (20 cm X 90 cm)
of Sephadex G-150 equilibrated with 0.03 v potassium phosphate,
pH 7.5, containing 0.75 m NaCl. The proteins used to calibrate
the column were: a, IgG y-globulin; b, lactic dehydrogenase; ¢,
transferrin; d, ovalbumin; e, chymotrypsinogen; f, myoglobin. X
indicates the value for K,. obtained for the transcobalamin I1-
vitamin Bj; complex during the final purification (see Fig. 2).
The apparent molecular weight obtained for the transcobalamin
Il-vitamin By complex from this experiment was 60,000. ®
indicates the value of K,, obtained when 40 ug of the final prepa-
ration of transcobalamin II were applied to the same column of
Sephadex G-150 in the presence and absence of [¥Cojvitamin-B .
An apparent mdlecular weight of 38,000 was obtained in both of
these experiments.  (See text for additional details and comment.)

subunits of 38,000 and 25,000 molecular weight, and it is im-
portant to note that during the final purification on Sephadex
G-150 no shoulder of Az or vitamin B, content was observed
at the 38,000 molecular weight position and alinost no Asgp or
vitamin By, was present at the 25,000 molecular weight posi-
tion. This observation suggests that the 2 transcobalamin IT
subunits were associated during the Sephadex G-150 final puri-
fication step.

Other gel filtration experiments were performed on the same
Sephadex G-150 column using samples of transcobalamin II
which were 250-fold less concentrated with respect to protein
than in the experiment described above. Eighty micrograms
of the isolated protcin were dialyzed against 7.5 M- guanidine
HCl to remove greater than 99<¢ of the bound vitamin B,
Half of this protein solution was then dialyzed against 300 vol-
umes of 0.05 M potassium phosphate, pH 7.5, containing 0.75
M NaCl for 72 hours with changes at 24 and 48 howrs. The
other half was dialyzed in an identical manner exeept that 3.4
ug of [¥Co]vitamin-B;: were added to the protein-guanidine
solution prior to dialysis. Each of the two dialvzed protein
solutions was adjusted to a volume of 6.0 ml containing 10 mg
of blue dextran 2000 and 2 myg of dinitrophenyl alanine and
applied separately to the Sephadex G-150 column.  In both of
these experbments, o single symmetrical peak of vitamin 13-
binding aetivity (ov [¥Cojvitamin-B,:) was observed at an elu-
tion position corresponding to a molecular weight of 38,000 (sce
Fig. 6). These two results suggest the possibility that the trans-
cobalamin 1T subunits were not associnted under the conditions
in which these experiments were performed and that the 33,000
molecular weight subunit contains the binding site for vitamin
By It is also possible that transcobalamin IT interacts with
Sephadex at low protein concentrations with a resulting retarda-
tion of the protein, -
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Tic. 7. Absorption speetra of the trapscobalamin Ti-vitamin
B,. complex and of unbound vitamin B, Speelra were obtained
in 0.05 M potassium phosphate, pH 7.5, containing 0.75  NaCl.
The reference cuvette eontained the same solution. - —, trans-
cohalamin I1 (409 ug per ml) contuining 11.7 pg per ml of bound
vitamin B - -+, vitamin By (11.7 gg per mi). '
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Fic. 8. Diffcrence spretrim between the transcobalamin T1-
vitamin By complex and unbound vitamin Bie in 0.05 8 potassinm
phosphate, pI17.5, containing 0.75 3 NaCl. The reference cuvette
contained 17.9 pg per ml of unbotnd vitamin B and the second
cuvette contained 11.7 pg per ml of vitamin B2 and 400 pg per ml
of transcobalamin I1.

1 1 I L 2

Absorption and Difference Spectra—-The spectrum of the trans-
cobalamin TT-vitamin By complexis presented in Fig. 7 together
with the spectrum of an equal concentration of unbound vitamin
By When vitamin B is hound 10 transeobalamin T there
appears to be a general enbiancement of the vitamin B spee-
truin above 300 nm since the spectrum of tianscobalamin 1T
devoid of vitamin B in 7.0 M guanidine HCL, 0.05 » potassium
phosphate, pIl 7.5, Is that of a typical protein with insuthicient
absorption ahove 300 nm to aecount for the difference between
the two spectra l)x'w(‘m(‘(l in Fig. 7. When vitanin Bz binds
to trun<cobalamin i, there is a chilt in the 361 nm speetral
maximum for unbound vitsmin B to 364 nm for the transco-
balamin Hovitamin Bye complex. The difference speetrm be-
tween the franscobalamin H-vitmnin By complex and @ con-
centration of unbound vitumin By containing equal absorption
at 361 n ix presented in Figl S,

N
‘“ ,

DISCUSSION (’

Transcobalamin IT has been isolated in homogeneous {urm o,
the first time after being puvified 2 million-fold relative to l'“m:ul
plisma.  Affinity chromatography on vitamin BrSepbirgg
was the erueial purification teelimique employed and 1o died iy
a 24,000-fold purification of transcobalamin I The tiet tyg,
this techimique has been applicable to the iaolation of the sy,
evie vitain Bio-binding protein (14) as well as trat= - alapg,
I supgests that it may be of general value in B0l 1 other
vitamin Bp-binding proteins. )

Plasia fractions contuining transcobalamin IT fucll 1oy
uptake of vitamin B by 2 number of different typ- U eql,
(9-12). The availabilty of homogencous tranzcobalur 11 4.
lows for new experiments to elueidate the mechanism o rote,
facilituted eellular uptake of vitamin By Prelimin: e
mentst indicate that our final preparation of transcols i
doos faeilitute vitamin B, uptake by confluent cultares . iy,
diploid fibroblasts.  Thus, vitamin 1352 bound to tranzes il
11 is taken up by fibroblasts in significantly greater ame at thy,
either unbound vitamin By or vitamin By bound to the wmugl,.
eyte vitamin B-binding protein.  This resull indicates thur oy
final preparation of homogencous transeobalamin 11 retaing o
functional ability as well as its ubility to bind vitamin By,

Studies using crude preparations of transcobalamin I have i,
dicated thiat this protein contains a single vitamin Bua-bindir;
site {16) und has a molccular weight of 36,000 to 35,000 (2, ];\
when determined by gel filtration.  Our studies using homegens.
ous transcobalamin 11 also indieate that the protein bus o single
vitamin B.2-binding site, bhut our st udics demonstrate a moleeulsr
weight of approximately 60,000 when measured by gel filtration,
sedimentation equilibrium ultracentrifugation, and amine acid
analysis. Wehave determined that transcobalamin 11 is a dinwer
consisting of 1 approximately 35,000 moleculur weight subuni
and 1 appx’oxinmtely 25,000 molecular weight subunit.  Add
tional gel filtration experiments suggest that the 2 subunits iy
dissociate under certain conditions or that the protein interaets
with Sepliadex thus resulting in an apparent molecular weight i
38,000 based on the elution profile of protein-bound vitamin By
It is of interest that studies using crude transcobalamin 1T yied
gel filtration moleculur weipht values greater than 38,000 for tle
protein under eertain conditions (18-20) and that partial puri.
cation or high salt coneentrations, or both, are required to ¢
tain transcobalamin 11 in its 36,000 to 38,000 molecular weigl
form (2). :

"ranscobalamin 11 has a number of properties in common ¥ itk
the granuloeyte vitamin Bp-hinding protein (14), but the two
proteins also ditfer in a mumber of respects.  Similar praperti
include: (@) both proteins appear to have single vitamin B
binding sites and have molecular weights close to 60,000. ik
The presence of vitamin B is required to obtaiu maximal vits
min Bp-binding activity when the proteins are renatured f1e”
7.5y manidine HCL - (0 Sulfliydryl compourls are deleterie
to the renaturation of both proteins. (d) Neither protein o
tains any demonstrable free sulfhyvdryl groups. (&) When vitaii
B is hound to either protein there is a general enhancement”

U

the vitamin B spectrum above 300 nm.

Differences between transcobalimin IT and the granulorst
witamin Bie binding protein inelude: (@) transcobalamin L e
tains one 33,000 molecular weight subunit and one 25,000 mole#
lar weight subunit, whereas the granuwloeyte vitamin I obindid

1 Unpublished experiments performed in colluboratinn W
Aiss Anne Lilljegvist and Dr. Leon Losenberg of Yale Univente !

[O



appears to consist of a single polypeptide chain. (b)
i uh(‘ObJLlnHl] 11 is eluted from vitamin By-Sepharose at lower
concentrations of guanidine HCl and more rapidly than is the
gmnu]ou te protein. (¢) Transcobalamin II is not a glycopro-
win, whereas the granulocyte vitamin By-binding protein con-
wins 33% carbohydrate. (d) The amino acid compositions of
the two proteins are very diffcrent with major differences in their
eontent of histidine, arginine, proline, alanine, leucine, and
* gethionine. {¢) When vitamin B is bound o transcobalamin
11 the 361 nm spectral peak for unbound vitamin B shifts to
| 364 nm. - No shift occurs when vitamin By, is bound to the
' gnnulocyte vitamin Bi.-binding protein. (f) The difference
gectra between the individual protein-vitamin Bj.» complexes
sod unbound vitamin By, are quite different and suggest that the
. vitamin Bye-binding sites for the two proteins are not the same.
(g Trenscobalamin 11 appears to facilitate the uptake of vitamin
By by human diploid fibroblasts, whereas the granulocyte vita-

* min By-binding protein does not.

The differences between the amino acid and earbohydrate com-
paitions of transcobalamin II and the granulocyte vitamin Bis-
binding protein are compattblc with the immunological differ-
eves that have been observed (2). We have previously sum-
marized the immunological and other similarities between the
nnulocyt/e vitamin. By-binding protein and -transcobalamin I
ii4), aud, on the basis of the diffcrences between the former pro-
tun snd transcobalamin 11, it appears very unlikely that transco-
tolamin T and transcobalamin 1f are structurally related or that
tpscobalamin 1T is converted to transcobalamin I as has been

d (12, 21). -

dla and Griisbeck (2") hm. e recent]y punﬁed transcobala-
aa 1] 10 the point where only approximately 60% to 705 non-
fiamin Biy-binding protein was present:  Only 60 pg of protein
« were obtained because of the low yield concomitant with-a long
sties ‘of conventional purifieation techniques. Despite this
wall amount of protein a number of physical studies were per-
‘nnéd and several of these demonstrated different results than

vehave obtained.

Using the phenol sulfuric acid method (23) they obtained a
136 neutral hexose content for their final preparation of trans-
“dalamin If. 'We have deteeted no carbobydrate residues using
aer quantitios of protein for analyses that have included amino
«d analvsis for amino sugars and a gas-liquid chromatographic
thod i carbohydrate analysis as well as the phenol sulfuric

¥dmeti ud. The most likely explanations for this diserepancy
:‘l' that lie 602 to 70¢; contaminating protein present in the
:”“l e ration of Puutula and Griisbéck contained carbohy-
‘Ateyr at small fragments of Sephadex were present in their
Wb ation since gel filtration was used extensively in their
Uity geheme.

Puntyl, .nd Griisbeck obtained a molecular weight for the
Whob:' . in 1I-vitamin Bjs complex of 26,000 to 30,000 by
incat ;ion equilibrium ultracentrifugation in which the cells
U S(..um\ d only at Am. We obtained a molecular weight of
Using the same technique and obtained similar values re-

N %53 o| whether the cells were scanned at «1as0 or Asse.  There
" Severa] possible explanations for the molecular weight dis-
“ney and these include: (@) the 60% to 70%; contaminating
“present in the final preparation of Puutula and Grisbeck

: responsible sinee their cells were scanned only at Asso.

“te 2 transcobalamin 11 subunits that we have demonstrated
Qhun% have been associnted during their sedimentation equi-

I experiments. . (¢) If one of the 2 transcobalamin II sub-

. .
A

. hydrate analyses using gas-liquid chromatography.

[= B ]

w17

units is capable of binding vitamiu Bz alone, then Puutula and
Griisbeck may have isolated this subunit alone.

The latter possibility could conceivably also account for the
third differcnee between their work aud ours which concerns the
fact that they did not observe a spectral shift in the vitamin By,
peak at 361 nm when the vitamin is bound to transcobalamin I,
whereas we observed a shift to 364 nm. It is possible that the
presence of both transcobalamin Il subunits is required for the
361 nm — 364 nm shift and that this would not be observed if
only 1 subunit was present. This question should be resolved
when we complete our attempt to isolate the 2 subunits separately
and study the role of each subunit in vitamin By, binding and the
effect that each subunit has on the vitamin B;z spectrum.
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A Study of Vitamin B.. Requirements in a Patient With
Pernicious Anemia and Thyrotoxicosis: Evidence of an
Increased Need for Vitamin B.: in the Presence
of Hyperthyroidism

By Jack B. AveeriN, Mary E. Hacearp anp Tromas P. HayNE

The response to small doses of vitamin
B,» was studied in a woman with per-
nicious anemia and thyrotoxicosis. No re-
sponse to 1 pg. per day occurred, but she
did respond to 10 ug. per day. Fourteen
months later when she was cuthyroid, the
patient did respond to 1 pg. per day. In
another study, serum vitamin B, Ievels
were significantly lower in a group of
patients with hyperthyroidism than in a

ited significantly higher serum vitamin
B,, levels 5-8 months after becoming
euthyroid. The results of these studies
provide evidence for increased vitamin
B,, requirements in the presence of hy-
perthyroidism. The greater need for
vitamin B,, appears to be related to in-
creased utilization and/or accelerated
turnover imposed by increased metab-
olism,

group of normal subjects. Seventeen of
20 patients with hyperthyroidism exhib-

fE‘HE MINIMUM DAILY REQUIREMENT for vitamin By, probably lies
between 0.1 and 1.0 pg;™* however, 1 pg. per day is recommended for
therapeutic trials in patients with vitamin B;. deficiency.** Numerous studies
suggest an increased requirement for vitamin By» in animals with hyper-
thyroidism.511 There are several reports of patients with pernicious anemia
and thyrotoxicosis;'*15 however, none clearly shows an increased requirement
for vitamin B, in hyperthyroidism. Our discovery of a woman with pernicious
anemia and thyrotoxicosis provided a unique opportunity to evaluate her
vitamin B;» requirements before and after therapy with 13!I. We describe here
the investigations performed on this patient and the results of serum vitamin
B,. measurements in 34 other patients with hyperthyroidism.

From the Division of Hematology and the Departments of Internal Medicine .and
Pediatrics, University of Texas Medical Branch, Galveston, Texas.

Submitted March 9, 1970; revised May 15, 1970; accepted May 19, 1970.

Some of these studies were performed while the patient was hospitalized in the Clinical
Study Center, University of Texas Medical Branch, under support of USPHS Grant FR-73,
Dicision of Research Facilities and Resources. :

Part of this investigation was supported by DHEW Granls 5T0O1 AM 05208, 5POl HE
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METHODS

. The following laboratory tests were performed with established methods: hemograms;1%
lobe average;17 serum levels of folic acid,!® vitamin B,,,1® iron,20 lactic acid dehydrogenase
(LDH),21 and protein bound iodine (PBI);22 resin sponge uptake of 1311 labeled triiodothy-
ronine;23 and uptake of 1311 by the thyroid gland.?4 Following the ingestion of 15 Gm. ,
Lhistidine monohydrochloride monohydrate, forminoglutamic acid {FiGlu) in urine was '
quantitated by a modified25 electrophoretic technique.26 The accompanying table gives
normal values for these tests. '

The acid content of gastric secretions was measured after maximal histamine stimulation??
and peroral biopsy of the gastric mucosa was accomplished with the instrument described
by Croshy and Kugler.28 Vitamin B,, absorption was evaluated with a modified Schilling
test2? in which the patient ingests 0.5 pg. cyanocobalamin (CN-B;,) labeled with 0.6 xCi
§7Co. Normally, over 6 per cent of the ingested radioactivity is flushed into the urine in

$4 hours.

e @

CastE REPORT

First Admission ,
R.Y., a 67-year-old woman, entered the hospital complaining of weakness, heat in-
tolerance and paresthesias in her hands and feet. An enlarged thyroid gland had been present
! - fot- many years. Her appetite was poor and she had lost nearly 7 Kg. in the past 4 months.
! Blood pressure, respiratory rate and temperature were normal. The pulse was 118 beats per
' minute. Pallor of the skin and mucosal surfaces, lingual atrophy, widening of the palpebral
' ﬁ‘qgu[g and lid lag were evident. The thyroid gland was diffusely enlarged and estimated
t5''bé three—four times normal size. A holosystolic murmur was heard over the entire pre-
Soedium and a loud bruit was audible over the thyroid gland. Her spleen was palpable 3 cm. .,
below the costal margin. Diminished vibratory sensation (C 256 tuning fork) in both ankles o
and ‘wrists was evident; otherwise, no abnormalities were detected on necurological ex-

Table 1.—Results of Laboratory Studies . ,

e I : First Second
’ . First Outpatient Outpatient Second Normal
Admission® Visit ¢ Visit ¢ Admission § Values .
Hemoglobin (Gm. %) 8.8 12.3 10.3 9.2 L
Red cells (108/cu. mm) 264 4.31 3.52 3.10 ' !
Hematocrit (%) ‘97 49 L7 31 VE
MGV(W3). . e . 108 93 96 100 ‘ s
CH (pg.) 34 26 29 30 ' - B
Rg@iculocy.tes (%) 12 04 0.9 02 <1
- Platelets (103/cu. mm) 98 342 189 100 i ;
Léukocytes (103/cu. mm) 2.8 9.6 6.3 48 f ;
Lobe average 51 33 4.1 49 3.1-3.35 ! .
Sérum folate {ng./ml.) 124 . 68 . 314 g
Sérum vitamin B,, (pg./ml.) 54 - 988 68 - 200-900
FiGlu (mg./12 hours) 298 o ‘83 . <25
LDH (mU./ml) . .- 2032 824 © 80-200
Serum Fe (ug. %) . 210 ’ 142 75-140 -
PBI (pg. %) - 187 64 48 39 3-8 ¢
T, resin sponge uptake (%) 40.3 S 276 248 25-35 T
24 hour thyroid uptake of 2311 (%) 72 . ST 12 0 1040 '
* May 1964. LT T e o ) L i
. § Oct. 13,.1964. e S
{ June 6, 1965. ..~ . C o .
§ Aug. 1965 T eI e
R L E
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VITAMIN Bj2 REQUIREMENTS IN PERNICIOUS ANEMIA AND THYROTOXICOSIS

e

WBC I VITAMIN By2 T T[Vit. 21,0 mg [ Platelets
103/ mm? . {TONt pg/DAY M | TEN pg/DAY uL]. l 10/ mm3
! 12 ' ..““..-' '"n.,uma.,.,.". 400
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6 : & " 200
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Fig. 1.—Hematological response to small quantities of CN-B;» when the patient

had hyperthyroidism.
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Fig. 2.—Biochemical changes in response to
patient had hyperthyroidism.
tial 12-day perio
1 pg. vitamin B,, per day;

d of observation. From day 13 t
from day 25 through d

vitamin B, supplements when the
No vitamin B, supplement was given during the ini-
hrough day 24 the patient received

ay 36 she received 10 ug. per day.

amination. Results of important laboratory studies performed within 72 hours after admis-
sion appear in Table 1. A

cells and hypersegmented neutro
disclosed typical megaloblastic ¢
ment; ECG revealed a sinus tachycardia. Test

Wright's stained blood smear revealed many macroovalocytic red
philic leukocytes. Kingsley's stained?® bone marrew smears
hanges. Chest X-ray showed moderate cardiac enlarge-
s of renul and hepatic function were normal.

Tests for malabsorption syndromes were negative.
A diagnosis of vitamin B, deficiency and thyrotoxicosis was rendered. Before treating the

B o
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patient with 1311, we observed her response to small, titrated doses of CN-B,, (Figs. 1 and ;
2). Finally before leaving the hospital, she was given two larger injections of CN-B, ,, each ! !
consisting of 1000 sg. No additional vitamin B, was administered until the second ad- <
mission, ’ o : : :
Interium Examinations T SR : : S

-Four months after discharge, the patient was examined again. She felt much stronger and ;
appeared clinically euthyroid. Her weight had increased almost 5 Kg. Neurological examina- H
tion disclosed no abnormalities; the tip of the spleen was still palpable. Eight months later
(1 year after leaving the hospital) she continued to feel well and appear euthyroid. Because
of recurrent anemia (see Table 1 ), hospitalization was advised. She refused and another 2
months elapsed before she was readmitted. T -

SN L e

Second Admission

At the time of the second hospital admission, her only complaints were weakness and
paresthesias in her hands and feet of approximately 4 weeks duration. All vital signs were
normal. Enlargement of the thyroid gland was no longer evident. Lingual atrophy and
splenomegaly persisted. Absent vibratory sensation (C 256 tuning fork) was evident in her
ankles and wrists, but no other neurological abnormalities were noted. Laboratory data ob-
tained at the beginning of this admission appear in Table 1. The bone marrow again re-
vealed megaloblastic erythropoiesis. Clinical and laboratory data showed the patient was
now euthyroid, but vitamin B,, deficiency remained. Once more her_response to a small o
dose of CN-B,, was determined (Figs. 3-and 4). ™ £

~ Resurts

Hematological Data - ~~~——

During both hospitalizations, the patient ate a standard diet calculated to
contain about 20 ug vitamin B;, per day.®! Figure 1 indicates the hematological
response to CN-B,; while the patient had hyperthyroidism. During the initial

=12 days of this study, supplemental vitamin B,, was not permitted and no
improvement was seen. Similarly, no significant improvement appeared after

}
“ABC VITAMIN 817 |Vit.-84s 10mg[ Plafelets
. 3 ONE v g/DAY IM ! Find 3 . '
SRUITFUL v _10 ‘,l.mm :f-.\“'} S FQUITHEIWYD :rwz‘tg,‘_ e ~' ‘,.‘ \_‘_'-_, "XIO ’mim_ Ceem e . !
3 6 . -. . _\.."7 N “‘f““‘. 2m :
T R BT R coi
_Ouuwmn o PR S "'- ’V.“.f_ﬁmr.‘"‘ e pretter ”i;l;l;tlll‘ po sz 5 {
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0¢mpd ONEo/DAYWT {4 4d 4 =
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[ - o g
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Fig. -!-!.—Her.;;t-é'logic'ai‘l'—fesponse to small quantities of CN-B,, when the patient
was euthyroid. R .
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Fig. 4.—Biochemical changes in response to vitamin Bj, supplements when the
patient was euthyroid. No vitamia B,, supplement was allowed during the initial
12-day period of observation; however, from day 13 through day 24 she received

1 pg per day. -

a daily injection of 1 pg. CN-B,.* for 12 days. When the daily injection of
CN-B,, was increased to 10 pg, a brisk reticulocytosis ensued attaining a
peak of 23.3 per ccnt on day 34 of the study. A rise in platelets and leukocytes
also occurred with the larger dose of CN-Byz. Typical megaloblastic changes
were observed in the bone marrow at the beginning of this study and again
on day 24. By the 36th day, megaloblasts were no longer evident in the bone
marrow; instead only an intense aormoblastic erythroid hyperplasia appeared.

Hematological response to vitamin Bjz therapy when the patient was
euthyroid appears in Fig. 3. Once again, diet alone produced no response;
however, the reticulocyte count quickly climbed to 15.3 per cent when the
patient was given daily injections of 1 pg. CN-Bi. Leukocyte and platelet
counts also increased significantly. On the first and twelfth days of this study,
the bone marrow was megaloblastic. By day 24, the marrow revealed only
normoblastic hyperplasia.

Biochemical Data

Results of serial biochemical determinations appear in Figs. 2 and 4. Con-
centrations of iron, LDH and folate in serum and the urinary excretion of
FiGlu remained elevated during cach initial 12-day period of observation.
When the patient was hyperthyroid, 1 pg. CN-B,. per day for 12 days failed
to significantly alter these parameters, but 10 pg. per day produced a significant
decline in each. After the patient became euthyroid, a prompt fall in the levels

e
*The 1 and 10 ag. doses of CN-B,» referred to in this report were quantitated by assay
with Euglena gracilis.?® ‘
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of iron, folate, FiGlu and LDH followed treatment with just 1 pg CN-B;-

per day. While the patient had hyperthyroidism, 1 pg of CN-B, daily failed

to substantially elevate the serum vitamin B;. level; however, a significant

increase in the serum level occurred with 10 ug. per day. After the patient
- became euthyroid, the 1 pg. dose of CN-B;2 caused a significant increase in
 the serum vitamin By, level. -

s Studies of Thyroid Function '

_ Thyroid function tests obtained at the beginning of the first hospitalization

“‘were diagnostic of hyperthyroidism (Table 1) and remained so until day 42
when the patient was treated with 5 mCi 1311, Subsequently, she appeared
clinically euthyroid and tests of thyroid function performed during two clinic
visits and during the second hospitalization were within normal limits.

Examinations of the Stomach and Measurements of Vitamin B,y Absorption

"" During each hospitalization, the patient exhibited histamine-fast achlorhy-
“dria"and peroral biopsy specimens of the gastric mucosa showed atrophic
“ gastritis. Roentgenographic studies showed no abnormalities of the esophagus,
“stomach or small intestine. The Schilling test performed at the end of the
_first hospitalization revealed 1.1 per cent excretion of radioactivity without
“intrinsic factor and 24.2 per cent excretion with intrinsic factor. A repeat
“Schilling test during her second hospitalization gave almost identical results,
“i.e., without intrinsic factor 0.8 per cent excretion and with intrinsic factor
“17.7 per cent excretion. | . ... 0 oo sow '
- By Measurements in Patients with Hyperthyroidism
Serum vitamin B,, levels were measured in 34 patients with thyrotoxicosis
" which by history had been present at least 9 months. Each exhibited normal
.red cell morphology, a normal lobe average and normal leukocyte and platelet
.counts. Hemoglobin values varied from 9.8 to 13.1 Gm. per 100 ml. Thirty-two
patients had normal serum vitamin By» levels; one had a level of 180 pg. per
ml. and the other, a level of 192 pg. per ml. The mean serum vitamin B,. level
for all patients with hypertliyroidism was 347 = 144 pg. per ml. In a group of
54 normal subjects, the mean serum vitamin By value was 572 == 183 pg. per
ml, Thus, vitamin B;. levels were significantly lower in the hyperthyroid
group than in the normal group (p < 0.01). -

Each patient was treated with 311, A second measurement of serum vitamin
B, activity was performed in 20 patients 5-8 months after they became
euthyroid. None received supplemental vitamin By. during the period of
observation. All but three experienced an increase in the vitamin By. level;
two had decreased values; and the third exhibited no significant change. The
two patients whase original vitamin By levels -were-<-200 pg. per ml. ex-
hibited normal levels after they became euthyroid. The mean vitamin B;2
Jevel in these 20 patients before therapy with ¥1I was 335 == 144 pg. per ml.
After they became euthyroid, the mean serum vitamin Bj. level measured

596 == 171 pg. per ml This difference represents a significant improvement
(p <001). T . o

o . . S
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DISCUSSION.

Vitamin By, supplements may protect rats against weight loss and death
from thyrotoxicosis.”1! Furthermore, a number of metabolic and biochemical
abnormalities occur in hyperthyroid rats which are corrected or prevented by
treatment with vitamin B,,. These abnormalitics include uncoupling oxidative
phosphorylation of mitochondria,® decrease in serum proteins,®1° rapid loss
of vitamin B;, and glutathione from the blood and liver,21! decline in total
content of soluble sulfhydryl-containing compounds in the liver'! and an
increase in the hepatic content of lipid and coenzyme A.1* Methionine and
betaine, given in place of vitamin Bys, may also protect against toxic effects of
hyperthyroidism.®!* Both methionine and betaine have labile methyl groups
and are important sources of one carbon fragments for intcrmediary
metabolism.*® Since vitamin By» plays a major role in the transport of one
carbon moicties,>* jt is tempting to speculate that thyrotoxicosis may also
lead to a defect in the metabolism of one carbon fragments.

Each of 10 euthyroid patients with pernicious anemia that we studied?*
exhibited an excellent clinical and laboratory response to 1 ug. CN-B,, per day,
in keeping with previous observations.®* In the case reported herein, a woman
with hyperthyroidism and pernicious anemia was treated with small doses of
CN-Bjo. While her hyperthyroidism remained untreated, no hematological or
biochemical response to 1 pg. CN-By. per day occurred; however, response to
10 pg. per day was excellent. After she became euthyroid, she exhibited a satis-
factory response to 1 ug. CN-B,» per day. These studies clearly indicate she
needed more CN-B,» when she had hyperthyraidism. The body can not directly
utilize CN-Bja. It must first be converted to metabolically active forms, ie.,
deoxyadenosyl-Bj,, methyl-By,, hydroxy-B;,, ete.32:33 The possibility that hyper-
thyroidism in this patient interfered with the conversion of CN-B,, into
metabolically active forms was not excluded, but seems unlikely. More likely
she required more CN-B;, because vitamin B;, utilization and/or turnover
accelerates in the presence of hyperthyroidism. Large amounts of vitamin
B,2 are presumably needed to satisfy increased metabolic needs which occur
in hyperthyroidism. )

Ziffer et al3% found whole blood vitamin B;» levels before and after an
injection of 50 pg. of vitamin By, significantly lower in patients with hyper-
thyroidism than in euthyroid subjects. Also, the urinary excretion of vitamin
B, after this injection was considerably less in the hyperthyroid group. The
34 patients with hyperthyroidism we studied showed significantly lower serum
vitamin B, levels *han a group of normal men and women. Furthermore, 17
of 20 patients with hyperthyroidism exhibited significant increases in serum
vitamin B;. levels after they became euthyroid. These data offer further
evidence for an increased requirement for vitamin B, in the presence of
hyperthyroidism.

Decreased hepatic stores of folic acid in hyperthyroid rats®® and rapid
clearance of intravenously injected folic acid in patients with thyrotoxicosis??
suggest that folic acid requirements are also increased in hyperthyroidism.
Nceded are reports of patients with hyperthyroidism and megaloblastic
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anemia due to folic acid deficiency. Two patients with thyroid storm, folic
acid deficiency and megaloblastic bone marrow have been examined in our
laboratory; however, they were too ill to permit evaluation of their response
to small doses of folic acid.3

Scores of investigations show a definite relationship between pernicious
anemia and hyperthyroidism. A scholarly review of this subject appeared in a
recently published textbook.* There is an increased frequency of pernicious
anemia in patients with hyperthyroidism. Conversely, patients with pernicious
anemia have a higher incidence of hyperthyroidism. In a few instances, both
discases have been discovered simultaneously315 such as the patient described
in this report. Further evidence for an association between pernicious anemia
and thyrotoxicosis derives from determinations of auteantibodies. Parietal cell
antibodies may be detected in the serum of about 85 per cent of patients
with pernicious anemia and nearly 30 per cent of paticnts with hyperthy-
roidism. Thyroid antibodies in serum may be found in over half the patients
with pernicious anemia and about 45 per cent of patients with hyperthyroidism.
The incidence of these two antibodies in control sera does not exceed 15 per
cent. About one-half of patients with pernicious anemia bave intrinsic factor
antibodies in serum, and pernicious anemia has been present in most instances
wherein intrinsic factor antibodies were detected in patients with hyper-

thyroidism.*8 A search for intrinsic factor and thyroid antibodies in our -

patient produced only negative results; we did not measurc parietal cell
antibodies. ‘
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§3.32 ' ~ it iTitle 21—Food and Drugs

/ § 3.32 Label declarations of vitamin B.,
| " and folic acid in foods for special -
' dietary uses. :

| (a) Section 125.3(a) (2) of this chap-
i ter, issued under the authority of section
{ 403(j) of the Federal Food, Drug, and
. ' Cosmetic Act (sec. 403(J), 52 Stat. 1048:
' 21 U.S.C. 343())) requires that If a food
purports to be or is represented for spe-
cial dietary use by man by reason, in
whole or in part, of a vitamin for which
the need in human nutrition has not
been established, the label of such food
shall bear the statement “The need
for ... in human nutrition has not
been established,” the blank to be filled

in with the name of such vitamin.

(b} Heretofore this Department has
considered vitemin Bu and folic aclid as
among those vitamins for which the need
in human nutrition has not been estab-
lished. However, recent scientific evi-
dence shows that these vitamins are
needed in humsn nutrition. The De-
partment therefore considers the re-
quirement of §125.3 (a) (2) quoted in
paragraph (a) of this section as wno
longer applicable to food oflered for spe-
cial dietary use by reason o1 these
vitamins. .

(Bec. 403, 53 Stat. 1047, as amended; 21
US.C. 343) [20 FP.R. 9649, Deo. 20, 18566]
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§ 3.40 Preparations for the treatment of
! pernicious anemis.

(a) The ninth announcement of the
Anfi-anemias Preparations Advisory
Board of the United States Pharmaco-
pela is concerned with the status-of the
treatment of pernicious anemia. It
clearly presents the following facts:

(1) The S8ixteenth Revision of the
Pharmacopeln of the United States,
which became official on October 1, 1960,
does not include preparations intended
for the treatment of pernicious anemia
by oral administration. .

(2) The U.B.P. unit for anti-anemia
preparations no lenger has any signifi-
cance.

(8) The U.8.P. Antl-anemia Prepara-
tions Advisory Board was disbanded.

(b} On the basis of the scientific evi-
dence and conclusions summarized in the
statement of the U.SP. Antl-anemia
Preparations Advisory Board =as well
as pertinent Information from other
sources, the Commissioner of Food and
Drugs finds it is the consensus of well
informed medical opinion that:

(1) The parentera] administration of
cyanocobalamin or vitamin B is gen-
erally recognized as a fully effective
treatment of pernicious anemia. Paren-
teral cyanocobalamin preparations have
not been and are not authorized for use
except by or on the prescription of a
duly licensed medical practitioner.

(2) Some patients affiicted with per-
nicious anemia do not respond to orally
ingested products. There is no known
way to predict which patients will fail
to respond or will cease to respond to

. the treatment of pernicious anemia with

orally ingested preparations.

* {3) The substitution of a possibly in-
adeguate treatment, such as the ingestion
of oral preparations of vitamin B, with
intrinsic factor concentrate, in place of
parenteral vitamin B, products for a dis-
ense condition as serlous as pernicious
anemis eannot be regarded as safe in all
cases.

" (4) The development of the classical

' symptoms of perniclous anemia that

would cause a person to seek medical
attention may In some cases be delayed
by oral ingestion of intrinsic factor.
Pernicious anemia is a disease that is
associated, among other things, with a
higher than normal incidence of cancer
of the stomach and that for the safety
of the patient, requires continuous expert
medical supervision.

(5) With inadequate treatment there
may be markedly deleterlous effects on
the nervous system. It is well estab-
lished that whereas the development of
anemia is completely reversible with
adequate treatment, the involvement of
the nervous system mav not be com-
pletely reversible and thus may result in
permanent damage.

(6) Some hematologists prescribe oral
preparations of vitamin Bz In the treat-
ment of pernicious-anemia patients.

(1) Intrinsic factor and intrinsic fac-
tor concentrate serve no known useful
therapeutic or nutritive purpose except
to the extent that they do increase the
gastrointestinal absorption of vitamin
B2 in patients with a deficlency or ab-
sence of intrinsic factor, which may
eventually lead to pernicious anemia.
This conclusion does not apply to diag-
nostic procedures using radioactive
cyanocobalamin,

(8) Medical expertise is required for
the diagnosis as well as the management
of pernicious anemia. . ,
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Chapter I—Food and Drug Administration

(¢) The XEleventh Edition of The
Natfonal Formulary and its first Interiin
Revision include monographs for oral
preparations of vitamin Bz with intrinsic

. factor concentrate, establish & unit of
! yitamin Bia with intrinsic factor con-

centrate, and provide for a Nationgal
Forinulary Antl-anemia Preparations
Advisory Board to assign the potency of
such preparations. This provides for the
availability of such oral preparations,
standardized within the meaning of the
broad limits characteristic of the evalu-
ation of such preparations.

(d) Any drug that Is offered for or
purports to contain intrinsic factor or
intrinsic factor concentrate will be
regarded as misbhranded within the
meaning of section 503(b) of the Fed-
eral Food, Drug, and Cosmetic Act unless
it is labeled with the legend “Caution—
Federal law prohibits dispensing without
prescription.” '

(e) Any drug for oral ingestion in-
tended, represented, or advertised for
the prevention or treatment of perni-
cions anemia or which purports to con-
tain any substance or mixture of sub-
stances described in paragraph (d) of
this sectlon <(other than dlagnostic
drugs containing radloactive cyanocobal-
amin) will be regarded as misbranded
under sections 602 (£) (2) and (j) of the
act unless its labeling bears a statement
to the effect that some patients afllicted
with pernicious anemia may not respond
to the orally ingested product and that
there is no known way to predict which
patients will respond or which patients
may cease to respond to the orally in-
gested products. The labeling shall also
bear a statement that periodic exam-
inations and laboratory studies of per-
niclous-anemia patients are essential
and recommended.

() Under section 409 of the Federsal
Food, Drug, and Cosmetic Act, intrinsic
factor and Intrinsic factor concentrate
are regarded as food additives. No food
additive regulation nor existing exten-
slon of the effective date of section 408
of the act authorizes these additives in
foods, Including foods for special dietary
Any food containing esdded in-
trinsic factor or Intrinsic factor con-
centrate will be regarded as adulter-
ated within the meaning of section
402(a) (2) (C) of the act.

() Regulatory action may be ini-
tiated with respect to any article shipped
within the jurisdiction of the act con-

trary to the provisions of -this policy
statement after the 180th day following
publication of this statement in the
PEDERAL REGISTER.

(Secs. 403, 502, 503, 63 Stat. 1061, 1053 as
amended; 65 Btat. 648, 72 Stat. 1784; 21
?‘9230] 842, 852, 853) [28 F.R. 1588, Feb. 20,

§ 3.42 Status of pteroylglutamic acid
(folic acid) in foods for special die-
tary use and as a drug,

(a) Pteroylglutamic acid (folic acid)
for food use is regarded as a food addi-
tive, subject to the provisions of section
409 of the Federal Food, Drug, and
Cosmetic Act. As provided by § 121.1134
of this chapter which became effective
July 20, 1963, pteroylglutamic acid (folic
acid) may be safely used as a component
of dietary supplements, provided the di-
rections for use are such that, when
followed, dally ingestion will not exceed
0.1 milligram of the additive.

{b) Preparations supplying over 0.1
milligram of pteroylglutamic acid (follc
acid) in the dally dosage recommended
or suggested may be marketed only as
drugs for use under medical supervision.
Among other things, these drugs must
be labeled with the statement “Caution:
Federal law prohibits dispensing withous
prescription,” and their labeling must
bear adequate Information for thelr use
by physicians, including information
about the possible narmiful effect of ad-
ministering pteroylglutamic acid (folic
acid) to patients who may have per-
nicious anemia.

(¢) Because preparations represented
or intended for drug use and supplylng
0.1 milligram or less of pteroylglutamie
acid (folic acid) in the daily dosage rec-
ommended or suggested may also supply
other active ingredients, each such prep-
aration should be considered on an in-
dividual basis to establish Its status under
the Federal Food, Drug, and Cosraetic
Act.

{Secs. 403(3), 409, 602(1), (J). 62 Stat. 1048,
1051; 72 Stat. 1785: 231 U.S.0. 843()), 848,
352(1), (1)) [28 P.R. 2557, Peb. 10, 1964]
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§3.48 Cobalt i)rcpnrations intended for
¢ wuse by man.

(a) On January 17, 1967 (21 CFR
3.48; 32 F.R. 448), the Commissioner of
Food and Drugs issued a revised state-
ment of policy with respect to the status
of cobalt-containing drug preparations
intended for use by man, which revision
was to be modified as needed following
consideration of such drugs by a panel
of hematologists. A panel consisting of :
authorities in the fleld of hematology -
met on March 8, 1967, with representa- :
tives of the Medlcal Advisory Board for '
the Food and Drug Administration to '
consider the status of cobalt-containing
drugs and the following findings and
recommendations were made:

(1) Cobalt salts are not sultable for
over-the-counter sale to the public for
the treatment of {ron-deficlency anemia.
They are assoclated with toxic effects
and offer no advantage over iron alone.

(2) Potential toxic effects of these
salts includes liver damage, claudication,
myocardial damage, thyroid hyperplasia,
hypothyroidism, dermatitis, nausea, and
anorexia.

(3) Cobalt salts are not generally rec-
ognized as safe or effective therapy for
any disease condition.

(b) On the basis of the aveailable evi-
dence and the findings and recommen-
dations of the representatives of the
Medical Advisory Board, the Commis-
sioner of Food and Drugs finds and de-
termines with respect to cobalt-contain-
ing drug preparations intended for use
by man, except radioactive forms of
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Subpart B—Nutritional Quality Guidelines
§100.5 = Frozen “heat and scrve” dinner.

§

4. @) A product, for which a common of
‘tsual name is established in § 102.11 of
itis chapter, in order to be eligible to
£lear the guideline statement set forth
‘st § 100.1(b), shall contain at least the
fliowing three components:

. (1) One or more sources of protein
“dertved from meat, poultry, fish, cheese,
‘ereges. {

(2) Onel or more vegetables or vege-
' tsble mixtures other than potatoes, rice,
or cereal-based product.

. (3) Potatoes, rice, or cereal-based
“product (other than bread or rolls) or
‘ snother vegetable or vegetable mixture.
; (b The three or more components
gamed in paragraph (a) of this section,
meluding their sauces, gravies, bread-
ing, ete.:

(1) Shall contribute not less than the
‘minimum levels of nutrients prescribed
in paregraph (d) of this section.

(2) Shall be selected so that one or
more of the listed protein sources of
paragraph (a) (1) of this section, ex-
cuding their sauces, gravies, breading,
etc., shall provide not less than 70 per-
cent of the total protein supplied by the

-

Drug Administration § 100.5

components named in paragraph (a) of
this section.

(¢) If it is necessary to add any nu-
trient(s) In order to meet the minimum
nutrient levels prescribed in paragraph

(d) of this section, the addition of each
such nutrient may not result in a total

nutrient levet exceeding 150 percent -

of the minimum level prescribed. Nu-
trients used for such addition shall be
biologically available in the final product.

(d) Minimum levels of nutrients for a
frozen “‘heat and serve” dinner are &s
follows:

Minimum levels for frozen “heat
and serve'’ dinner—

" for each 100

Nutrient Calories (keal) for the total
of the total components
components specified In
specified in paragraph {8) -
paragraph ()
Proteln, grams-.... 4. 60 16.
Vitamin A, IU..... 150. 00 520.
~ Thinmine, mg.. 0.05 Q.
Riboflavin, mg...-- 0.06 0.
Niaciy, MEeaeocanee 0.9 3.
Pantothenic acid,

MBeccrcanmemccan 0.2 1.
Vitamin, By, mg... 0.15 0.
VYitamin, By, mcg.. B R 1.
Iron, g cceceracenn 0. 62 2.

(1) A frozen “heat and serve” dinner
prepared from conventional food in-
gredients listed in paragraph (a) of this
section will also contain folic acid, mag-
nesium, lodine, calcium, and zinc¢. Mini-
mum levels for these nutrients cannot be
established at the present time but may
he specified as additional data are
obtained.

(2> The minimum levels for panto-
thenic acid, vitamin B-6, and vitamin
B-12 are tentative. Final levels will be
established when sufficient data are
available. Until final levels are estab-
lished, a product contalning less than
the tentative levels will not be deemed
to be misbranded when labeled In ac-
cordance with' § 100.1(b). :

(3) When technologically practicable
fodized salt shall be used or jodine shall
be present at a level equivalent to that
which would be present if lodized salt
were used In the manufacture of the
product.

(4) When technologically practicable,
product components and ingredients
shall be selected to obtain the desirable
calcium to phosphorous ratio of 1:1.
Technological addition of phosphates
shall be minimized and shall not ex-
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§1é1.161 Title 21—Food and Drugs

v'§121.101 Substances that are generally_

recogmized as safe.

YNGR

(a) It is impracticable to list all sub-
stances that are generally recognized as
safe for their intended use. However, by
way of illustration, the Commissioner
regards such common food ingredients as
salt, pepper, sugar, vinegar, baking pow-
der, and monosodium glutamate as safe
for their intended nise. The lists in para=-
graph (d) of this section include addi«

tional substances that, when used for the
purposes indicated, in accordance with
good manufacturing praclice, are re-
garded by the Commissioner as generally
recognized as safe for such uses.

() For the purposes of this section,
good manufacturing practice shall be
defined to include the following restric-
tiors:

(1) The quantity of a substance added
to food does not exceed the amount rea-.
soniably required to accomplish its in-
tended physical, nutritional, or other

or other technical effect in the food itsélf.%

shall be reduced to the extent reasonably'.%
possible. &

(3) The substance 1s of appropriate
food grade and is prepared and handled :
as a food ingredient. Upon request the ?
Commissioner will offer an opinion, based *
on specifications and intended use, as to i
whether or not a particular grade or lot ;
of the substance Is of sultable purity :
for use in food and would generally be :
regarded ms safe for the purpose in-.
tended, by experts gqualified to evaluate :

technical effect in food; and : 1is safety. 4

(2> The guantity of a substance that (¢) The inclusion of substances in the
becomes a component of food as a result list of nutrients does not constitute a :
of its use in the manufacturing, process- finding on the part of the Department E
ing, or packaging of food, and which is that the substance is useful as a supple- -
not intended to accomplish any physical ment to the diet for humans,

(d) Substances that are generally recognized as safe for their intended use)-""
pithin the meaning of section 409 of the act are as follows: i

§ 121,101

Title 21—Food and Drugs

Product

Tolerance

Limitations or restrictions

(6) NUTRIENTS AND/OR DIETARY
BUPPLEMENTS -—000,

sMangancse hypophosphite.

Manganese snllate

Manganous oxide.
Mannito)...eeneemmucenccnommccnennan 5 percent.

.| In special dietery foods.

Methioning. ..ccceucnevovrnememczoas]oenconuns

.| Anlal fecds,
Do,

Maethionine hydroxy anelog and ts
calcium salts.
Niacin

Niaciuamide. ...

D-Pantothenyl alcohol.

*Phenylalantne (I and DL-forms).

Potasslum chloride.

.t

*Potasstum glycerophoephate.
Potasstum 107ide. oo wummecccaccnconan 0.01 percent.

*Proline (L- and DL-forms)..

‘“fﬂdoxlne hydrochloride
Riboflavin..oceeenvaoe

Riboflavin-S-phosphate...... emmmmane P
*Serine (L~ aad DI-forms)....

Sodfum pantothenat

Bodium phosphate (mono-, di-, tri-
baslc).
Borbitol...... 7 percent...

Thiamine hydrochloride. .

In foods for special dictary use, °

Thiamine mononitrate._....

*hreonine (L. and I)L-(orms)....::

Tocopherols. .......
a-Tocopherol acetate. ...

*Tryptophane (L- and DI-forms).... .

*Tyrosine (L~ and D1.- forms).........

. *yallno (L- aud 1 L-formus)

......

Vitamin A. .. -
Vitamin A acctate ..

Vitamnlit A palmitate

Vitamin Big.evevean
Vitamin Dy oveaanceeen

Vitamin D;.ceecacmccncnanes
*Zine sulfate..

*2ine glucrmnl‘e-.

*Zinc chlorldo PR PN

*ZINC 0XKIO cmvnnemncm e v oo s

*Zine steurate (prepared from stenrlc
scld free fromn chickedoma factor).

In table salt as & source of dietary
fodine,

8
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§125.5

§125.5 Labcl statements relating to in-
fant food.

() If a food (other than a dietary
supplement of vitamins and/or minerals
alone) purports to be or is represented
for special dietary use for infants, the
label shall bear, if such food is fabricated
from two or more ingredients, the com-
men or usual name of each ingredient,
including spices, flavoring, and coloring.

(b) If such food, or any ingredient
thereof, consists in whole or in part of
plant or animal matter and the name of
such food or ingredient does not clearly
reveal the specific plant or animal which
is its source, such name shall be so quali-
fied as to reveal clearly the specific plant
or animal that is such source.

(c) If such use of the food is by reason:

of its simulation of human milk or its
sultability as a complete or partial sub-
stitute for human milk, the label shall
also bear:

(1) A statement of the percent by
weight or weight per unit volume of
moisture, protein, fat, available carbohy-
drate, ash, and crude fiber contained In
such food.

(2) A statement of the number of

available kilocalories (in the case of food
label statements, a kilocalorie is repre-
sented by the word “Calorie’) supplied
by a specified quantity of such food as
gustomarily or usually prepared for
qonsumption.
. (3) A statement of the amount of
each vitamin-or mineral listed in sub-
paragraph (5) of this paragraph and thse
amount of other added vitamin(s) and
mineral(s) supplied by a specified quan-
tity of such food as customarily or
usually prepared for consumption.

(4) The statement “This product
ghould not be used as the sole source of
protein in the infant diet” if a quantity
which supplies 100 available kilocalories
of such food as customarily or usually
prepared for consumption contains less
than 1.8 grams of protein of a bhiological
quality equivalent to that of casein, or if
the amount and biological quality of pro-

Title 21—Food and Drugs ' I,

tein per 100 avallable kilocalories of such
food are such that the quality of protein
expressed as a fraction of that of casein
multiplied by the amount of protein fn .
grams is less than 1.8, or if the biologieal -
quality of protein is less than 70 percent .
of that of casein. -
(i) For the purpose of this subpargs
graph, the method for determining blo- -
logical quality of protein shall be the .
method prescribed on page 800 (secs,
39.166-39.170) under “Biological Evalua- .
tion of Protein Quality—Official, Final
Action” of “Officlal Methods of Analysly .
of the Association of Official Analytical
Chemists,” 11th edition (1870). e
(i) For the purpose of this subpara :
graph, the method for determining the .
amount of protein is to multiply by 6.26 &
the total nitrogen content In grams, as
determined by the method described on i
page 16 (sec. 2.051) under “Improved
Kjeldahl Methods for Nitrate-Free Sam-
ples—Official, Final Action” of “Officlal :
Methods of Analysis of the Associationof ;
Official Analytical Chemists,” 11th edl-:
tion (1970). P
(5) If a quantity which supplies 100
available kilocalories of such food as
customarily or usually prepared for con-
sumption contains less than the follow-"
{ng amounts of vitamins and minerals, &
statement that an additional quantity of :
such vitamin(s) or mineral(s), as the
case may be, should be supplied from

other sources: il
]
Vitamins and minerals Unit of Minimum
mensurement amounts
Vitamin Acccncceaenen U.8.P, units. _...... 250 .
vitamin D ecmeacaanass [ 1 O 40 .
Vitamin E.ooviaeaan Tnternational unfts. . 0.3
Ascorble acid Milligrams. ..ccaecuee 7.8
(vitamln C).
'I‘l']\lu)m!n (vitamin  ...-. A0uecccncnmenancnn 0.025
31).
Rl)t;oﬂuvln (vitaiain ... A0uceeecaccencnen 0.08
32).
Ninein loeocaacenesnes Milligram 0.8
equivalents. -
Vitamin Beceeacacens Milligrams. cceeecee- 0.036
Folaeln veeaacrnanrena- Micrograms.. 4
Pantothenic acid. ... Milligrams. .. 0.3
Vitomin Byga oo Micrograms. . 0.15
Calelum..cave-- Milligrams... 50
Phosphorus. ......ceeeceee do__cecunn 2%
Magnesiim.cooueevnmaconne d0acccnan 6 -
) 7)1 Vs do 1 -
Jodine. ... .aeen . Microprams.. 5
_. Milligrams$. ...ccoaan . 0.08

1 The generle term “‘niacin® includes niacin (nicotinic
acid), niucinsmide (nicotinamide), and 1 milligram
equivalent for each 60 miiligrams of tryptophan i the
food.

When a statement prescribed by this

‘ subparagraph is required, it shall ap-
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pear in immediate proximity to tt}e
statement for the appropriate vitamin
or mineral required by paragraph () (3.
The difference in quantity between the
amount of vitamin(s) and mineral(s)
supplied and the amount required by
this subparagraph, expressed on the same
basis, must also appear in the SRIME
statement.

(6) If such food contains fat at & level
supplying less than 15 perceng; of tpe total
available kilocalories, or linoleic acid
(present as a glyceride) at a level sup-
plying less than 2 percent of the total
available kilocalories, & statement thqt,
an additional quantity of fat or linoleic
as the case may be,
should be supplied from other sources.
The requirement of this subparagrapi
shall not apply to such food which pur-
ports to be or is represented for special
dietary use by reason of a need for regu-
lating the intake of fat.

(d) The provisions of paragraph )
of this section shall not apply to whole
milk (of cows) or evaporated xpilk ex-
cept with respect to ascorbic acid, vita-
min D, and iron under paragraph (¢) (5)
of this section.

(e) A food which purports to be or is
represented for special dietary use solely
as a food for infants by reason of its
simulation of human milk or its suit-
ability as a complete or partial substitute
for human milk, and which complies with
the provisions of this section, shall be
exempt from the effective provisions of
§§ 125.3, 125.4, and 125.6 of this Part 125.
[36 F.R. 28555, Dec. 10, 1071; 36 F.R. 24792,
Dec. 23, 1971]
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The Incorporauon of Acetate-2-4C and Mevalonate-Z-“C into
Cholesterol During Vitamin B, Deficiency (35393)

" E. E. ARMSTEAD, ]. M. Hsu, anp B, F. CHow

Departmmt of Biochemistry, The Johns Hopkins University, and The Biochemisiry Research
Laboratory, Veterans Administration Hospital, Baitimore, Maryland 21218

'Vitamin By, and its coenzyme forms are
essential .components in various areas of in-
termediary metabolism but their role in
cholesterol metabolism has not been clarified.
Forbes and Patterson (1), Hsu and Chow
(2), and Icayan and Chow (3) have
presented evidence demonstrating that vita-
min By, is an important factor in cholesterol
metabolism. The current research project was
undertaken to study possible Bis involve-
ment in cholesterol synthesis, the following
questions bcing of particular interest: (a) At
which steps in the cholesterol biosynthetic
pathway might the presence of vitamin By
be required, and (b) Is the effect of vitamin
B;; deficiency limited to hepatic cholesterol
metabolism or is it a general phenomenon?

Materialy and Methods. Materials. Radio-
chemicals. Sodium acetate-2-1%C (sp act 8.56
mCi/mole) was purchased from Tracerlab-
Keleket, Waltham, Massachusetts. Toluene-
MC standard and DpL-mevalonic  acid-
2."'C-lactone (sp act 3.35 mCi/mmole) were
purchased from Nuclear-Chicago, Des Plaines,
Minois. Cholesterol purchased from Matheson
Co. was recrystallized five times from abso-
v ~ ethanol. PPO (2,5-diphenyloxazole) and
PUPOP  [1,4-bis-2-(S-phenylaxazolyl) Ben-
z.:e], scintillation grade, were obtained from
Vickard Instrument Company. All other
“thymicals were ACS grade.

Lixperimental animals. Five-month-old Mc-
“Lollum strain female rats were mated and
then maintained on a 62% soybean protein
diet (3), unsupplemented with cyanocobala-
min throughout gestation and lactation. I'reg-
. hant rats were housed separately in raised,
" wide-mesh, screen-bottomed cages until day
19 of gestation at which time, they were
transferred to cages containing bedding. To
limit coprophagy, bedding was changed once

'

~

a day and fecal pellets seen at any time were
removed with forceps. A 28 day lactation
period was used to ensure survival of pro-
geny. At the end of that period, progeny were
separated on the basis of sex, age, and body
weight. Female offsprings were discarded
while male progeny were divided into two
groups, one receiving the basal diet without

vitamin B;; and the other, the same diet

containing 50 pg of Byo/kg of diet.
At the end of the B,z deprivation period,
rats were fasted overnight but with water ad

libitum. On the following morning, animals

were weighed, given the radioactive form of a
cholesterol precursor through intrapéritoneal
injection, and were housed in metabolism
cages under an exhaust hood for the duration
of the incorporation period. Subsequently,

animals were sacrificed under light ether -

anesthesia by cardiac puncture. Blood, along
with various tissues, was either processed
immediately for assay or prepared for storage
in a frozen state until used. ‘
Methods. Quantitative ond radiometric
measurement of cholesterol. Cholesterol was
isolated according to the method of Sperry
and Webb (4) with volumes of reagents
being adjusted to accommodate sample size.
Precipitated cholesteryl digitonide was dis-
solved in 1.0 ml of glacial acetic acid at
100°. For colorimetric analysis, 0.1-ml ali-
quots were diluted with glacial acetic acid to
a volume of 2.0 ml. The Liebermann-
Burchard reaction was employed for color
development and its absorbance was mea-
sured in a Spectronic 20 photometer at 625
my. Aliquots (0.2 and 0.4 ml) were used for
radioactivity tests. Samples were added to
20-ml capacity low potassium counting vials
and 10 ml of chilled Diatol scintillation
solvent were dispensed into each vial. The
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912 CHOLESTEROL IN Bjg DEFICIENCY

TABLE I. Iiver and Plasma Cholesterol

Content in B,y Deficient and Treated Rats.®

Group Type of diet Total ¥Free Ester F/T
Liver (mg/g) o
A B supplemcnted 2.46 + 0.02 1.98 -+ 0.04 0.60 + 0.02 0.76 + 0.03
B B,, deficient 2.20 + 0.01 1.82 +- 0.02 0.40 = 0.02° 0.83 =+ 0.02
Plasma (mg/100 ml) . '
A B,, supplemented 111+ 44 32 + 6.0 79 3 10.0 0.29 + 0.05
B B, deficient 77 + 12.0° 38 + 3.0 39 4- 10.9° 0.49 = 0.09®

s Each value represents an average of five, 8-month-old male rats. Results are given as mean

+ BEM.

p < 0.05; < p < 0.0L

soivent system, Diatol, consisted of toluene,

350 ml; anhydrous methanol, 210 ml; recrys-
1allized naphthalene, 73 g; dioxane, 350 ml;

‘ and the phosphors: PPO, 4.6 g and POPOP,
80 mg. Corrections for quench were made
. through the internal standard method. Sam-
ples were counted for 10-min intervals in the
Tri-carb liquid scintillation counter, model
. 314AX. To estimate the counting efficiency,
either sodium acetate-2-1*C or mevalonic ac-
id-2-14C-lactone standards were run as well
as a commercial toluene-'*C standard. Total
' lipid determination: Soxhlet extraction was
. ‘employed for the isolation of total lipid. Tis-
% ;. “sues were ground with anhydrous sodium sul-
!+ fate, stored in‘a vacuum desiccator to dry
! overnight and on the next day, were extract-
ed with chloroform for a period of 16 hr at

.80°. Lipid extracts were brought to dryness
“'through air evaporation and were stored in a -
desiccator until constant weight was reached.

Total lipid was determined gravimetrically.
. Kesults. Data in Table 1 show that in Bje

v Significant differenees between By supplemented and B, deficient groups are marked:

deficient rats as compared with Byp treated,
liver total cholesterol was lower by 15% and
the ester fraction was diminished by 33%
(p<0.01). Free cholesterol was not apprecia-
bly altered; the proportion of free to total
cholesterol was comparable between the two
groups. Plasma analysis revealed that total
cholesterol was markedly decreased in B,
deficient rats, the difference between the two
groups being 40%. Plasma free cholesterol
was not altered but the ester fraction of the
deficient rat was reduced by 50% ($<0.05),

Further, thé plasma f{ree to total ratio was.

significantly higher for the B2 deficient
group. :

Data in Table II show thiat after 30 min,
sp act of hepatic cholesterol in the deficient

group was significantly higher than in the .

treated group (»<0.05). These findings were
in agreement with those of Icayan and Chow

(3). A significant increase in radioactivity .

per gram and in specific activity of cholesterol
was also noted in B2 deficient rats 3 hr after

o ‘ "PABLE IT, Incorporation of Acetate-2-4C into Liver Cholo?ster()l.‘ o

4

No.of ~ Incorporation

Cholesterol

Radioactivity R
isolated CH . _-Bp act

W .. Group rats period (min)  (mg/g of liver) (epm/g of liver) (epx\n/mg of CH)
LR 4 30 . 2.32 + 0.15 1315 - 322 | 562 123
B 5 30 1.98 + 0.12 1860 + 180 A 971 =+ 135°
A 6 180 2.56 + 0.07 884 + 199 350 + 82
B 6 180 2.08 = 0.06 1818 =+ 296° 872 - 192

« Each rat received a single intraperitoneal injection of sodium acctate-2-MC (6 nCi/0.2
mmole/100 g of body wt); and was killed by deeapitation at indicated time intervals. Results

arc given as mean =k BEM.,

® Significant differences botween B,, supplemented and By dcﬁciel;t groups are ‘marked: P

< 0.05.

S
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TABLE 111, Incorporation of Mevalonie

CHOLESTEROL IN Bys DEFICIENCY

Male Rats.®

913

-“C—I:nctonc into Liver Cholesterol by B,, Deficient and Treated

» No.of | .

P

" Incorporation  Cholesterol

Radioactivity

isolated CH Sp act
Group = rats 5 Type of diet " period (min) {(mg/g of liver) (cpm/g of liver) (epm/mg of CH) E
A : 3 B,, supplemented ‘30 2.53 + 0.1 10,009 + 1424 3918 j_— 223
B .. " 2 © Bgsupplemented 30 216+ 0.08 10,168 +- 164 4702 + 264 .
g6 T By, deficient o \ 30 -~ 207017 7704 + 1213 3724 +- 496
A 12 B, supplemented w120 . ., 2 17 -+ 0.04 8438 + 379 3888 + 106
c 14 B deficient | ., 120 . . 204005 7350 + 384 3615 3. 143
A .8 ¢ Bosupplemented - 240 .. 259007 . 96101139 3702 - 283 gl
B.. 8 - B,; supplemented, ;;,‘ - 240 . 245 +0.09 -10,758 + 1209 4372 +- 294 N
c 6 ., Bydeficient 240 2.26 + 0.07 6092 -+ B59° 2679 = 328° P g
« Groups A and O were progeny of mothers fed the vitamin B, deficient dict during pregnancy and ’
lactation, and Gronp B was progeny of mothers fed Purina Lab Chow during pregnancy and lactation. -
Besulis are given as mean = SEM.. ‘ : Co :
¥ Significant diffcrences Detween By, deficient rats killed at 30 and 120 min and at 240 min are marked;’ by
p < 0.05. R : . e
N Siguiﬁcal}'t’differences betwegn pupplemented and ‘deficient groups killed’.'%t 240 min arc‘mark‘e‘d: r =
< 6.95, : oy S . ' o _ : '
. e : : . -‘ ' 7 oot
isotope Injection. , g . examined. Table 1V shows that no observa- RTI
After 30 min and 2 hr the amount of the ble difference in relative weights of the above :
mevalonate radioactivity in the liver choles- 3 organs between Bjs deficient and B, sup- ’ K
terol shown in Table ITT was found to be the plemented rats. The total lipid and choles- c
same in the Bye deficient and B;e supple- terol contents in the adrenals of B, deficient '
mented rats. After 4 hr the concentration of rats were markedly increased over those of .
. o

radioactive cholesterol (cpm/g of liver and
its sp act) decreased significantly in By defi-
cient rats. Such changes were not observed in
.By2 supplemented animals. '

To determine the effects of vitamin B2 on
cholesterol synthesis in the organs other than
the liver, the testes, adrenals, and brain were

B;» supplemented rats. Although differences
were not noticed in radioactivity per gram of
tissue, the sp act was significantly reduced in
B,. deficient rats. Unlike adrenals, deficien-
cy of Bjp had no effect on brain cholesterol.
In the testes, cholesterol content was
unaffected by Bje deficiency. But the radioac-

e

TABLE IV. Cholestero! Content and Synthesis in Bxtrahepatie Tissues of Vitamin By, Deficient and
Treated Male Rats.

Radioactivity
Relative Lipid Cholesterol isolated CH Sp aet
Gioup  Organ organwt  (mgof CH/g) (mg/g of tissue) (epui/g of tissue)  (epm/mg of CH) :
A Testes 0.95 +0.02 p— 1.50 + 0.13 207 + 39 140+ 8
u 105 %004 v 1.74 + 0.08 120+ 18 68 8
A Adrenals 667 =+ 041 46+ 3 9.2 o+ 14 9630 +-2630 11,130 +-890
B, 7.86 + 062 140 & 10° 21.8 =+ 2.6° 12,540 1600 6050 +930*
A Braln. 0750 £ 0.05 — 17.0 +£09 628 = 41 374 3.0
Is 7 0.738 & 0.05 16.0 =+ 0.5 667 55 42+ 4.0

* Data are 4-hr mevalonate incorporation. Each value represents

. rats, Results are given ns mean + BEM.

* Bignificant differences between B,, supplemented and By

‘2 <0.01.

e X
P
=

an average of six, 8-month-old male

deficient groups are marked: p < 0.05;

3
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tivity and sp act of cholesterol were substan-
tially lowered in B, deficient rats.

Discussion. The specific aim of these ex-
periments described was to determine which
reactions in the cholesterol biosynthetic path-
way might require the presence of vitamin
By, and if Bao involvement is confined to
the liver or is a general phenomenon. Tt was
~heerved that By deficiency lowered plasma
trtal cholesterol as has been shown by Tcayan
ond Chow (3), the component diminished
teing the ester fraction. Normally, 25 to
L0¢e of plasma cholesterol is unbound and the
emaining portion is in esterified form. Sper-
v (5) showed that there is enormous varia-
tion in total cholesterol content in plasma of
healthy subjects but that the ratio ol free to
total cholesterol is within very narrow limits.
It has been further shown by Friedman et al.
(6, 7) that the primary regulator and en-
dogenous source of blood cholesterol is the
liver, and that hepatic disease results in an
alteration in the plasma free to total ratio as
demonstrated by Man ef al. (8) and Gard-
ner et al. (9). Data (Table T) demonstrated

_that By deficient rats had a significantly
higher free to total ratio in comparison to
that observed for treated rats. Since liver

* disease results in similar observations, it was

thought that derangements in liver function
might occur as an outcome of Bz in-
sufficiency. . ’

Data on total cholesterol content in liver,
however, did not show consistent changes as
a result of By deficiency. This observation
made it highly improbable that the lower
levels of cholesterol in the plasma were due
to unavailability of liver cholesterol. Tt has
been postulated by Brot et al. (10) that the
liver synthesizes an enzyme that is released
into the blood stream for plasma esterifica-
tion of cholesterol. Therefore, the observation
vof Jower cholesterol ester content in plasma
of B,. deficient rats is suggestive of (i) lack
of, or inactivation of, the liver esterifying
enzyme, (ii) a faulty enzyme discharge
mechanism, or possibly, (iii) a deficit in fat-
ty acids essential for formation of cholesterol
esters.

Another area considered for exploration
was cholesterol formation from its precursor,
acetate, the simplest metabolite participating

osynthesis in organs other than the liver.

CHOLESTEROL 1IN Byu DEFICIENCY

in the biosynthesis of cholesterol and also 4
reactant in other metabolic processes. B,,
deficiency resulted in increased incorporatiol:,
of acetate into liver cholesterol and this ep.
hancement was of at least 3-hr duration. A4.
ditional experimentation for which the du,
are not shown demonstrated that acetate pog)
size was unaltered in deficient animals. Oth.
er studies indicate that incorporation of n.
valonate into cholesterol after 4 hr was rc.
duced in the B,z deprived rats. Since ¢ ;.
dence of Icayan and Chow (3) and our ac..
tate data demonstrated that Bys resulted i,
an increased cholesterol synthesis from . .
tate, it seemed that the observed reduction
mevalonate incorporation into cholestern)
was linked to the availability of this interr.c.
diate.

The testes were further selected for study
because it has been shown by Lepkosky ef al.
(11) and Jones et al. (12) that By, deficien-
cy results in impairment of reproductive pro-
cesses. Although cholesterol content in the
testes of deficient rats was equal to levels
observed in treated rats, radioactivity of
cholesterol and per gram of tissue were sig-

.nificantly lowered. These observations sug-

gest that By» is involved in cholesterol bi-
Cholesterol is a precursor of adrenal
steroid hormones. According to Dryden and
Hartman (13), only the kidneys and pituitary
deposit more Bz than the adrenals. The high
Bi. concentration suggests. its role in adrenal
metabolism. Our findings indicating a sig-
nificant increase in adrenal cholesterol con-
tent and a marked drop in incorporation of
mevalonate into the cholesterol’ of By
deficient rats support this possibility. More-
over, the increased ratio of cholesterol to to-
tal lipid in By, untreated animals further
suggests that Bj,. deficiency may cause an
alteration in the amount of some other lipid
components in the adrenals, -
Since cholesterol is a major constitutent of
the central nervous system and B, deficiency
causes marked neurological changes [Holton
et al. (14) and Holmes (15)], it therefore
seemed likely that alterations in brain choles-
terol content might occur. On analysis, there
was no demonstrable difference in brain
cholesterol content, and mevalonate incorpo-
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+tion into the brain cholesterol was negligi-
ile. Additional work is necded Lo clarify this
«ationship.

Summary. Cholesterol biosynthesis was
dudied in male rats from mothers fed a vita-
min Byo deficient diet during pregnancy and
nctation. Deficient males had significantly
kwer plasma cholesterol levels, the ester frac-
ton being diminished. Adrenal cholesterol

was appreciably higher, relative to levels ob-

srved in the Byp fed rats, while cholesterol
content of testes and brain was not signifi-
cantly different between the two groups. Vita-
min Bjs deficiency enhanced the rate of ace-
ute incorporation into liver cholesterol while
mevalonate incorporation remained unchanged
- sfter 30 min and 2 hr but was markedly lower
i the deficient group after 4 hr. Mevalonate
ircorparation into adrenal and testicular cho-
* lesterol was also reduced at 4 hr but incorpo-
nfion into brain cholesterol was unchanged.
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Absorptidn of Vitamin B, from
the Human Colon’

Y

B. K. ARMSTRONG, n.Imcu.sc.(uo;\zs.)2

Kssmu'ﬂnx of vitamin By [rom the hu-
man colon at physiological dose levels
(1-5 pg) has not heen observed cither in
the presence or absence of intrinsic factor
(1, 2). Bryant and Stafford (3) showed that
vitmin Bja is absorbed in vivo from iso-
lated, stevilized loops ol dog colon and
suggested that the failure of Citrin ct al. (1)
to demonstrate absorption from the hu-
man colon was duce 10 inadequacy of their
antibiotic prcpnrntion.

In this investigation,
man subjects  was preparcd with
kanamycin (1) and a low residue dict prio
to rectal administration of physiological
doses of vitamin By

the howel of hu-
oral

MATERIALS AND METHODS

Each of three subjects was given a nonresidue
diet for 84 hr before the test dose of vitumin
B,,. Juices only wewe permitted for the last 24
hr and until 10 hr after the test dose. Oral kana-
mycin, 1 g every 6 hr, was given from 72 10 6
hr before the test dose, and 18 hr hefore the dose
a 1,500 ml enema of 0.9% saline was given.

The test dose of 0.8 pg “Co cyanocobalamin
was dissolved in 1 ml of distilled water, made up
to 250 ml with sterile Ringer solution and run
at 37 C into the sigmoid colon via a cathewer
passed to 12 inches from the anus. In subjects
1 and 2, 10 mg of purihcd hog i'ulriusi(‘ facton
were mixed with the dose. The subjects vavied

~ 1From the Department of Biochemistry, Royal
Perth Haspital, Perth, Western Australia.
s Medical Student, University of Woestern \us-

tralia, Poerth.

their posture to facilitate movement of
and it was retained for at least 10 hr.

Six hours after the test dose, 1 mg 0wl
beled I|ydmxumlml:m\in was given int amyg
cularly. Blood samples were taken at 2, 5,3, ang
10 hr after the tost dose in subject J; 24, 5
and 8 hr in subject 2; and 8 hr in subjeet 3,
Urine was collected for 48 hr and feces uitil y,
sipnificant
test dose i plaso, urine, and feces was egt;
mated as previowly described (5, 0).

doge

RESULTS

Fluoroscopic examination ol subject |
at the time of administration of the tex

dose, showed an empty colon and 1 hr law)

the dose, to which 15 g of BaSOy in su
pension had been added, was seen to b
well distributed with some of the latter in
the cecum.

activity remained. Percentage of the

1

Radioactivity (0.1866 of the dose liter}
was detected in only one plasma sample
(subject 2 at 8 hr). Radioactivity was found
only in the 24- w0 48-hr urine collection
(0.03¢% of the dose) from subject 2. Sub
jeets 1,2, and 3 excreted, respectively, 80,
9. and 87¢% of the dosc in the feces.

COMMENT

‘I'he colon was empticd with the non
residue diet and enema to allow maximun
contact of the test dose with the mucost
1o reduce levels of endogenous vitamin By
which may have diminished absorption d
abeled vitamin By (7, B), and to reduc
the substrate for intestinal bacteria, Kand

298
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mycin was included to reduce the possi-

nility of bacterial interference with absorp-

fon as may occur in jejunal diverticulosis
{Y).

The plasma, wine, dnd fecal levels of
o vitamin By, were within the range ob-
erved  for  pernicious  anemia  patients
given an oral dose of *"Co vitwmin By, (0).
The results, therefore, confirm that in nei-
ther the presence nor the absence ot i
winsic factor are physiological doses of
vitamin - B, absorbed from the human
Fcolon.

Particular thanks are due to Da. D H. Curnow
and Dr, H. J. Woodliff for their advice, and 1o Mr.
W. R, Grubb and My. G. I, Chester,
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The Effect o%tamin B, on the Metabollsm of Formate

/m/ 74405 é/é 623 /%o 7

and Certain Formate Precursors by the Rat

ARNSTEIN : ' o

By H. R. V.
National Institute for Medical Research, Mill Hill, London, N.W. 1 T
(Recewed 1 September 1959) “ o

The ability of vitamin By, (cobalamin) to spare the
dietary requirement of animals for labile methyl
donors, such as choline or methionine, is now well
established (for & review see Arnstein, 1958a). This
effect appears to be due to stimulation of synthesis
of methyl groups, as shown by an increased utiliza-
tion of a varicty of *C-labelled precursors, includ-

ing formate (Arnstein & Neuberger, 1953), methanol
(Verly & Cathey, 1955), the a-carbon atom of
glycino (Stekol, Weiss & Weiss, 1952; Arnstein &
Neuberger, 1953) and the B-carbon atom of serine
(Arnstein & Neuberger, 1933). It has also been
known for some time that certain micro-organising,
notably Escherichia coli, require vitamin B,, for
the biosynthesis of the methyl group of moethionine
(Davis & Mingioli, 1970}, and considerable progress
has been made towards elucidating the biochemieal
function of the vitamin in this reaction (Guest,
1959 ; Woods, 1038). There is some doubt, howsver,
to what oxtent this function of vitamin By, in the

- biosynthosis of labile methyl groups can account

for its physiological importance, particularly in

* gnimal metabolism where methionine is an essen-

tial aino acid which can only roduce the require-
ment for vitamin By, but not replace it completely.

In order to investigate this problem and the
specificity of the action of vitamin B;, on biosyn-

" thesis of methyl groups, a comparison has now been

PR

made of tho effect of vitamin B,, on the conversion

" of formate and two formate precursors, serine and

. starch, 39; sucrose, 36;

histidine, into methyl groups and on the meta-
bolism of formate and histidine into other products
such as serino. Some of the resulis of this work have
been published in a preliminary note (Arnstein,
1958b).

EXPERIMENTAL

Andinals and diets. Albino rats of Institute stock wera
i;scd, most experiments being done with litter mates (see
Table 1). All animals were bred from mothers fed on a
vitamin B,,-low diet (dict A) during pregnancy and until
weaning. Deficient animals were then fed on the diets
stated in Table 1, without vitamin B,;, and control
animals were given the same diet with vitamin B, at
various times after weaning as deseribed later.

i Diet A had the composition (g./100 g. of diet): maize
cthanol-extracted casein, 12;

arachis oil, 6-4; cod-liver oil, 1-6; salt’ mixture (Glaxo

; ‘? .
Laboratories Ltd. no. DL 6), 4 Lcystine, 0-35; b).

threonine (omitted after 80 g. body wt. was reached), 0.1, V

succinylsulphathiazole, 0-6. Vitamins were added in the
amounts (mg.fkg. of diet): thiamine, 10; riboflavin, 1,
pyridoxine, 10; nicotinic acid, 10; p-aminobenzoic acid. 10,
culeium D-pantothenate, 50; inositol, 100; biotin, (1.1;
pteroylglutamic acid, 2; «-tocopherol, 40; vitamin K, 1.
choline chloride, 2500. '

These modified dicts have also been used (sce Table 1y
Diet. A/L: identical with diet A, except that lactose re.
placed sucrose. Diet B: identical with diet A, except that
cod-liver cil was replaced by arachis oil with vitamin A
{8000 i.u./kg. of diet) and vitamin D, (4000 iu.fkg. of
diet). Diet B/A:identical with diet B, except that succinyl.
sulphathiazole was omitted and aurcomycin (200 mg./kg. of
dict) was added 3 wecks after weaning. Diet C (g./100 g.):

soya-bean meal, 36; sucrose, 25; starch, 28; arachis oil, 8;

salt mixture, 4; pL-methionine 0-6; succmylsulphuthluzole
0-6; vitamins as in diet B.

The extracted casein was prepared by boiling vitamin.
low casein (Genatosan Ltd., Loughborough) six times with
ethanol (4 vol.). This procedure decreased the vitamin B,,
content from about 8 to less than 1 (usually 0-6) umg.fg. of

protein, as estimated by microbiological assay with.

Ochromonas malkamensis and Lactobacillus leichmannii,
kindly carried out by Dr J. K. Ford, N atxonal Imhtutc for
Research in Dairying.

Food consumption and body we;ght A]I umma]s wero
weighed three timcs a week. The food consumption of

. Ax

dcficient yats was almost the same as that of tho control

animals. Dotails of changes in body weight and of the food
consumptwn during the expernnenta.l feoding puxod are
given in Table 1.

Admiunistration of labelled compoun'ia All labelled com- ’

pounds (obtained from The Radiochemical Centre, Amer-
sham, Bucka.) were diluted with carrier to give the follow.
ing specific radioactivites, and the diluted substances were
added to the dict: (a) Sodium [#CHormate, 0-36p¢ g,
(expt. I, 1-12uc/10g. of diet), 073 pc/mg. (expt. 2

1-56 u0/10 g. of dict), 0-74 pomg. (oxpts. 3 aud 4, Idbpue] 3

10 g. of diet); (b) L-[2 ring-14Clhistidine monohydrochloride
monohydrate, 0-48 pofmg. (0-48 uc/10 g. of diet); (¢) pi-
[3-4C]serine, 0-816puc/mg. ' (0-816uc{10 g, of diet), In
ixpt. B, sodium [“C]formate (0-78 pojmg.} was injected
intraperitoneally, '5-83 uc (8 mg.) being used for rats 63/1
and 63/2 and 2:92 uc (4 mg.) for rats 63/4 and 63/0. *
Administration of vitamin B,,. Cyanocobalamin {Cyta-
men, (laxo Laboratories Ltd., Greenford) was administered
to control animals in the amounts shown in Table 1. In
Expts. 1 and 2 it was given orally from weaning until the
animals were killed, i.e. for 31 and 58 days respectively. In
the other experiments it was injected intraperitoncally

-
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twice weekly in equal doses, starting 17 days (Expts. 3

and 4), 12 days (Expt. 6, litter 54), 18 days (Expt. 6,

litter 656) or 23 days (Expt. 7) before the end of the experi-
| ment. In Expt. 5, rat 2 was given 10.g. on the last and
" fifth day and rat § was given 10 g, on the last, ninth and
thirteenth day before the injection of the labelled formate.
Vitamin B, content of lissues. Vitamin B,, was estimated
microbiologically with Ochromonas malhamensis es test
organism, essentially by the method described by Ford
(1983). '
Isolanon of 1netabolw products

P -

Protein and amino acni.s The animals were killed by
dislocation of the spine and the visdera (liver, kidneys,

intestine, spleen, heart and lungs) were quickly removed,
washed with water and disintegrated in cold ethanol in an
Ato-Mix blender. The tissue was extracted six times with
boiling ethanol-cther (3:1, v/v) and finally with ether. The
dry, defatted tissue was extractod three times with 20 vol,
of aq. 309, NaCl at 100° for 24 hir. to remove nucleic acids.
The residue was washed twice with water, cthanol and
cther and will Le referred to as protein.

The protein {(approx. 4 g.) was hydrolvscd in a sealed
tube with 5x-FIC1 (10 vol.) at 105° for 24 hr. The cooled
solutions were diluted with water, filtered and evaporated
to drynesa n vacuo, the Jast traces of YICI being removed in
a vacuum desiceator over KOH. Amino acids were separ-

. ated by chromatography, first on on anion-exchange resin -

(De-Acidite FY, The Permutit Co. Ltd., London) in the

acctrte form to soparnte the acidic amino acids, followed

by & cution-exchange resin (Zeo-Karb 225, The Permutit
Co. Lid., London) for the neutral and basic amino acidas,
essentinlly s described by Hirs, Moore & Stein (1954),
but with 1:5%- and 2-55-HCI as eluent for tho cation-

exchange-resin column (Stein & Moore, 1949). About 100 g. -
of De-Acidite resin and 300 g. of Zco-Karb 228 resin in .

columns of 2:5 em. end 3 em. diameter respectively were
sufficicnt for the preliminary soparation of the r(,qulrod
amino acids. .

Glutamic acid and nspartlc acid were 1solamd from
fractions containing the pure amine acids by evaporating
the solution to dryness, removing excess of HCl in a
vacnum desiccator, dissolving the résidue in a little water
and adding pyridine to pH 5:0. If necessary, ethanol was
tdded to complete the crystallization. The amino acids
were rocrystallized from water by addition of ethanol.
There was no change in their specific radioactivity on
further recrystallization. Histidine was converted into the
monohydrochloride monohydrate by a similar procedure.

The other aniino acid hydrochlorides were converted into
the free amino acids by adsorption on Zeo-Karb 215
cation-exchango resin (The Permutit Co. Ltd., London) and
displacement with aq. 0-028-NH, soln. The eluate was
evaporated to dryness and the residuc was crystallized
from 2q. ethanol. Scrine was usually contaminated by
‘h!'eo gid was purified by conversion into the hydroxy-
" Iphonate, which was rocryetallized two to

T A p—

In Expls 3 and 63, methionine was soparated from
leucine by chromatography on Whatman no. 3MM paper
i n-1-ol-pyridine-water (7:7:8, by vol.). This

ve pure methionine in the first case, but in
o two samplea still contained 10 and 159, of

! VITAMIN B,; AND METABOLISM OF FORMATE 617

chromatography). Since leucine was. however, non-radio-
active, the specific radioactivity of the methionine (Table 3)
has been corrected for this inactive impurity. In Expt. 1,
methionine was oxidized to the sulphone with bromine—
water and separated from leucine on a column of Dowex-50
cation-exchange resin (89 cross-linked, Microchemical
Specialities Inc., Berkeley, Calif., U.S.A.) (15 em. diam. x
55 em.) with 1-55-HCl as eluent. Methionine sulphone was
eluted first. The appropriate fractions were evapdrated to
dryness and the free amino acid was obtained by displace-
ment from Zeo-Karb 215 resin with dilute aq. NHysolu. as
described above. Methionine sulphone was recrystallized
from water by addition of ethanol.

The purity of all amino acids isolated was checked by
prper chromatography, with phenol-water (5:2, vfv, with
NH, in the tank) and pentan-1-ol-pyridine-water (7:7: 6,
by vol.).

C’mlme. Choline was isolated by the method of du
Vigncaud, Cohn, Chandler, Schenk & Simmonds (1941).
The conversion of choline rcineckate into chloroplatinate

‘wag carricd out either as described or, more conveniently,

by the following procedure. Choline reineckate waa dis-
solved in ag. 509, acctone and the solution was passed
through a columnn of Zco-Karb 225 (H* form) which bad
beon washed free of excesa of acid. The column was washed
with aq. 509, acetone uutil the effluent was colourless,
then with o little water. Choline was eluted with 2x-JIC1
and the solution was evaporated to dryncss. The choline
chloride wasg converted first into the mercurichloride com-
plex (m.p. 170°) and finally into the chloroplntinate, as
previously described (Arnstein & Neuberger, 1953). The
chloroplatinate was recrystallized from water by addition
of ethanol, the specific radioactivity remaining vnchanged.
The purity of the salt was checked by Pt analysis, the
found valuecs being within 0-4 of the theorctical value in all
cases, )

Choline was degraded into trimethylamine by the
method of du Vigneaud ef al. (1941), the purity of the tri-
methylamine chloroplatinate being checked by Pt analysis
{values found were within 0-4 of the theoretical value). In
Expt. 7 (deficient group), however, the sample was con-
taminated with ammonium chloroplatinate (sce Arnstein,
1852). This sample was therefore also analysed for earbon
by microanalysis and its reported specific radioactivity has
been corrected for the low carbon content (Found: C, 6-87.
Cale.. for CgH, NGl Pt: C, 13-69%,).

Oxidution and excretion of formate (Expt. 5). After in-
jection of the labelled formate (see above) the animals were
placed in desicealors, through which CO,-free air was

passed slowly. The expired CO, was trapped in excess of
40% NaOH and converted into BaCO; by addition of
Ba(OH),. The BaCO, was washed with water, ethanol and
ether, dried, weighed and counted. In the experiment with
the first pair of rats the NaOH was changed at 2 and 4 hr.,
in that with the second pair at 1, 2, 3. 4, 6, 8, 10 and 12 hr.
after the injection of the formate, CO, being colleeted for a
further 2 and 13 hr. respoctivoly.

Urine was collected cither scparately for the first 6 hr.
and the subsequent 18 hr. (rats 1 and 2) or for 24 hr. (rats
4 and B). It was stored at - 20°. Carricr sodium formate
(27-6 mg. to the 6-24 hr. collection, 687 mg. to the other
samples) was added, the formate was oxidized to CO, as
described by Weinhouse & Friedmann (1952) and eounted
ar BaC0,.

’
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% RESULTS b p

Effect of vitamin By, on the growth and food cop. 5
sumption of deficient rats and on the vitamin B,
content of their internal organs . R
With all casein diets there was & high mortality of
somo litters within & few days of birth, but sy,.
vivors grew well _mld tho qdministmtiou of Iurgp

618 H.R. V. ARNSTEIN o "7 . g6

Radioactivity measurements

180 was estinated by counting ‘infinitely thick’ samplos
on 1 or 2 em.2 polythene disks (Popjdk, 1950), with an end-
window Geiger-Miiller tube and Dekatron scaler. A 1 em.?
disk of poly-{*'Clmethy) methacrylate (The Radiochomical
Centre, Amersham, Bucks.), specific radioactivity 1pc/g.,
was used as a reference rtandard. The standard error of all
counts is less than 59,

e e e it s 4 b i b .

Table 1. Food consumption, growth and liver vitamin 1,y content of deficient and control rats

Compositions of the diets and othor experimental details are given in the text. Ages of tho animals (column 4) and 1,
initiel body weights (column 7) rofer to the beginning of the administration of labelled compounds, the increass being the
gain in weight during the subsequent 7 days. In Expt. 6, however, the body weights arc those before fasting an 1y,

animals were killed 24 br, after injection of labelled formate. - . o
: C Vitamin 1,
Litter Amount of Body wt. (g.) Food oontent «f
and rat Age vitamin By, oA cORBUmMption liver
Expt. no. Sex (days) Dict given Initial Increase  (g./7 days) (pmyg i)
[HC]Formate experiments ’ -
1 50/1 M. 50 A 1 ug.[day 144 30 1024 29
s0/8  F. 50 A 1 pug.fday 114 15 80-8 67
502 M. 50 A None 146 . 29 . 1068 A U]
50/4 L. 50 A None 117 10 793 91
2a . 621 M. 76 AL 25pg./day - 224 18 975
62/2 M. 6 AL 2.5 pg.jday 934 12, 51050
52/4 M. 76 A/l None L 217 2 - 998
585 M. 76 AL None o230 1 1041
9 . 523 F. 76 A/L 25pg.fday . 155 2 80-6
e » B2J6 F. 76 AllL None . 163 5 808
. 8a . &I M. 50 C ; 20 ug./week 120 20 1062
. - 5N F. 50  C- 20pgjweck . 116 . 8 - T 705
. 576 . M. 60 ¢ None . . 42 .28y u3e
v N . 81f2 F. 50 c None E U SR VR 1 L D
P T ¥ (4 M. 50 B 20pg.jweck . 178 .. 88 . 1162
- 593 . F.- 60 B . 20 pg.Jweek . 141.. * . 18 i 892
©o .t B8 M. | 50 , B . None W 172 . - .33 ' 1100
s74  F. 0. B, Nowe RS P S § S T A
59(3° M. 471 . B 20ug.jwock + . 146 135 1027
59/4 M. - 47, : B 20 g week .. 142 4
F 69)8 M 47 B 20 pg.fweek ,* 1+ 156
© BB M. 47 B ‘. None by 149
- B0 M. 471> B None , 7' 142 o
b8 M. - 47 B None- ’ 137 -
632 M. 49 B/A 20pg. v . 129 45
a3 M .49 ° -BJA . None <185 83
e 63/ £ M. 57 BJA  -30pg. 7176 115
634 oM 67 + 7 BJA None + , 176 < 21 B
P e © .. 1{2ringMC]Histidine exporiments’ , R
64/d M 48 5 B /1 20pg/week 5,168, .. i 68"
5502 o M. 48 B, ¢ 20ug/weck .- 138. . 106
‘54/5 ‘M. 48. B* > None® ., . 188 .7 .12
653 M. 48 B Nome _ .. 160 | =18
Lol . .642  F 48 B . 20pug.fweek - ‘130 SN S
i 'r' e o 541 F 48 . B None . 134 7 L2400
t o o - ‘DL-[3-14C]Serine experiment A T & Vo "“ "
& " 60/3 M. 41 B 20 pg./woek 142 est 102 v 125
60/5 M. 47 B 20 pg.week 145 Ce8 1132 i 136.-
- 60/7- M. 47 B 20 pug./week 151 30 . 1154 Y180
60/4 M. 47 B -None 134 - 14 807 w88
t 60/6 M. 47 .. B None . . 148 ~ 30 1084 129
‘ 60/8 M 47 B None : - 141 ) | B ) 1 1) B - 68
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doses of vitamin By, (1-3 pg. of cyanocobalamin/
day) had little effect on growth and food con-
sumphon (Table 1). Nevertheless, the concentra-

i tion of vitamin B;, in the liver of deficient animals
was much lower than normal (Table 1), except in
two cases (indicated by an asterisk) where synthesis
of vitamin B,, by . intestinal micro-organisms may
have - occurred. Other tissues (spleen, kidneys,.
heart, lung and brain} of deficient rats apparently
also contained less viteanin B,y than those of rats
fed 'on tho samo diet and given vitamin B, or kept
'on a stack diot, but, except for brain and splcen,
tissues of only one deofieiont. enimal and one
enimal on stock diet were exnmined, The values for
brain and sploen (see Tuble 1 for details of diots and
enimals) wore {wng./g. of {resh tissne): deficient
igpleen, 5:2 (rat 63/1), 0 (rat 63/4), 16-1 {rot 50/3,

¢

1.

body wt. 183 g.); normal spleen, 19-5 (rat 63/2),
55:6 (rat 63/5), 19-3 (mele rat on stock dist, body
wt. 178 g.); deficient brain, 2-8 (rat 63/1), 5-3 (rat
53/4), 2-6 (rat. 50/3); normal brain, 13-1 (rat 63/2),

' 23-0 (rat 63/5); 22-3 (rat on stock diet).

Incorporation of labelled compounds tnto protein
The incorporation of labelled serine or histidine

into the protein of mixed viscera was not increased -
significantly by vitamin 1,, (Table 2). These -

results were confirmed by the observation that the
specific radioactivity of  histidine, which was
isolated from the protein, was actually slightly
decrcascd. (Table 3). On the other hand, the in-
corporation of formate into protein was almost
doubled by vitamin B,, (Table 2). The specific

radionctivities of both serine and methionine iso-
lated from the protoin were increased to & similar

! a male litter-male of the animals t=ed for Expt. 1;

1+

¥

'labk- 2 1 ncorpmanmz of labclla! scrme, hwtzdme and formate indo profein

Lnbened compounds wero fed for 7 days; where moro than ono animel was used, the average amount of isotope per mt is:

given. I‘or oiher expcrunenial ddmls see text mld 'lable L

. TR ’ o ' o Spcmf'c
W e N K “*Precursor fed ) radionctivity
, . “Litterand -~ . e A . Vitamin “of protein
. rat no. . £ 7 Compound . pcfrat By, given (mpfg.) ‘“‘i
e 60/3,8,7 L bL{83C)Serine T e 409 N
f‘ " 80/4, 6, 8 »’ #.. pr-[3-1C]Serine 411 - R -2 SR A
' LIRS .7 V7 S “¥ 12 ring-MCHistidine - 508 + . * 1108
A 645 . . 12 ring-1#C)Histidino 552 - L1164 .
NI .. 8512 . ~. . L{2 ring-MC]Histidine - 393 + 116-0 H
% o 55/3 1+ 2 ring-1*C}Histidine * 4-76 - 108-3
6 ., B42 . . 1{2 ring-MC)Histidine 3-40 + 123
I 54)1 L{2 ring-4C]Histidine 347 - 1183
coppghp : )
1 2. 50/1,8 Sodjum [HC}formate 10-3 + 720
) o [ "50/2 4 Sodium [“C]lormate 104 - 424
367 . 5137 Sodivm [“Clformate 150 + 516
s Sodium [*C}formate 13-4 - 26-3

T U4, 8

Ta.ble 3 Dwtnbuuon of radioactivity in some amino acids isolated from the protein of animals
Jfed with labelled formate or histidine

y 'I'h_; a.mino acids wore isolated from the proteins of the mixed viscera (Table 2) as described in the text.

Specific radioactivity

TR ) (u¢/mole)
e - ~ A \ Ratio of
[ LT * . Vitamin By, Vitamin B,, specific
T 4 e Amino acid © present absent radioactivities
Expt. . vt Labelled precursor. | .. isolated (a) ) (a/b)
ot : Sodium ) ~  Serino* 76-0 42:3 1-80
' ‘(H4C)Formate, Methioninet 840 525 ' 180
Lo o : Aspartio acid ) 173 1-36 1-28
Lowe L ) Glutamio acid 1-91 1-60 119
» Sodinmy " Berino* . 627 23-3 2-70
e .;“ t [“C]Formate - : Methionine 590 24-7 2-40
66 L-[2 ring-MC]Histidine Histidine3 757 8I8 0-93
e T o Berine* 10-9 9-59 113
® : s o Methionine 8-30 376 0-88

L8 : [l

. Counted a8 hydroxyazobenzenesulphonate. t Counted as sulphone.

t Counted as monohydrochloride monohydrate.

010
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Table 4. Incorporation of sodiwm [¢Clformate,
’ and choline methyl groups by vitamin By

Choline was isolated and degraded to trime

was not degraded,

3b
Ga

6b

H. R. V. ARNSTEIN

Labelled
precursor
Formate
Formato
Formate
Formate
Formate
Histidine
Histidine

Serine

intestine and other internal organs

: In Expt. 4, labelled formate was fed with the diet for

'7 days to groups of three rats; in Expt. 5 labelled formate
was injected intraperitoneally (see text and Table 1).
Choline was isolated from the various tissues as described in

the toxt.
. R
.. Expt:” * " Tissue
4 Liver
"Intestine
Other internal
organs (mixed)
Y Liver

Vitamin chloroplatinate
B,y given (pmcefg.)

+ 642

- 307

+ 448

- 190

+ 284

- 157

+ 608

- 202

" Specilic
radioactivity
of choline

Table b. Effect of vitamin By on the incorporation
of sodium [**Clformate into the choline of liver,

NS

~!v) 1%0

pL-[3-14C)serine and L-{2 ring-UC]histidine into choline

deficient and control rats - .
thylamine as described in the text. A dash signifies that th

‘Spcciﬁo radioactivity

(ume/g.)
A

-
Vitamin B,y Choline

givon chloroplatinate chloroplatinate °

+ ‘ 401 -

- , 214 -

+ an —

- 144 -

+ ~ ' 384 —

- 348" —_

+ 211 . —

- 153 -
412 N7

- 117 112

+ 40-1 346

- 366 356

+ 444 408

- 428 510

+ 171 66-3

- 131 21-1

.
Trimethylamine

radioactivities of the chaline from the deficient and
control animals was relatively small; in both case
the liver of one of the rats in the deficient group

was found to contain an exceptionally high level of

vitamin B, (rots 52/6 and 57/2, Table 1).

The specific radioactivities of choline isolated
separately from liver, intestine and the remaining
internal organs were affected to about the same

extent by vitamin B, deficiency (Table 5) and the
effect of vitamin B,, on the radioactivity of liver
choline was the same whether the {abellcd formate

wes injected (Expt. 5) or fed with the diot (Fixpt. 4).

Degradation of the choline {Table 4) showed that
with labelled formate or serine as precursor
vitamin - B,, increased the labelling of choline
methyl groups approximately threefold. The radio-
activity of the ethanolamine moioty of choline
(obtrinéd by difference between the radicactivitics
of choline and trimethylamine chloroplatinates)
was also greatly increased by vitamin By, whea

labelled formate was the precurso

ei:tent, whereas the specific radioactivity of as-

affected (Table 3).

-

Conversion of labelled formate, serine
and histidine into choline

The conversion of formate into choline was
markedly decreased by the abgence of vitamin By,
(Table 4), provided that the animals had sufficiently
low amounts of vitamin B,, in their livers. In
Expts. 2b and 3a the difference .in the specific

labelled serine was used.

"tion of lapellod histidine for the biosyn

Table 4 rlso shows that vita

r but, not when

. . . h min Big aeﬁcieney
partic acid and glutamic acid was much less gppeared to have little or no effect on the utiliza-

thesis of

either total choline or choline methyl groups.
Thé relative importance of serine, histidine and
formate as procursors of choline and choline

.

methyl groups is shown in Table 6, in which
previous results have been expressed in terms of
standardized radioactivities.
precursor of choline, which is partly due to its
extensive conversion into the ethanolamine moiety.

Serine- is the best

0107

¢ ocholine “ainllle
\



0107

v
X k i

VoL74 . ' VITAMIN B, AND METABOLISM OF FORMATE ’ 621

., Table 6." Effect of vitamin By, on the relative utilization of serine, histidine

: LT . and formate for the biosynthesis of choline

~The resilts given in Tablo 4 have been standardized for the administration of 100 /100 g. body wt. (average weight
during the 7-day-feeding period). With surine, allowance bas been made for the fact that h-scrine is not converted into
oholine (Arnetein, 1951). The radioactivity of the ethanolamine moiety is obtained by difference and the error of the result
ia caleulated on the assumption of 59, counting errors for choline and trimethylamine chloroplatinates. The choline of
Expt. 1 was not degraded. o )
R o “Standard specific radioactivity (pc/mole)

- A

L - : Vitamin By,

o Expt, oo " Precureor -, given E;xoline . Trimethylamine Ethanolamine i
g U 3MCRerine .t A BTl 3680 . 1220 2460 + 245 C
o LT W Ve 2000 413 | 2TTELT0 _
ok Bav o 1.2 ring-1*C]Histidine Corh4e i 8 v BGY 598 © 171473 CoE
D SRR L N ) B OBTR L e o 19467 T L
Cepc 7 a2 ringMCjHistidine comos o soste c . hoomaee T
7 S L e 1078 - 1003 R EED L) R e
“q ¢+,  Bodinm [¥Clformate ”‘ . 1639 - e R
. o ) - L e e LT a
TN 4 Godium [4C)formate £ wams o eee o 0412
- T - 425 ¢ o 3T T TEEDS *
{ g0 Rat 63[5 (+ B).’L.-——————*" T gérinb. The uti]imti‘on of formate for this reactionis . 1.
P . L o [ reduced by vitamnin By, deficiency, as would be L
PR - it 63/4 S:_%‘l)..'.——""o"f"‘ expocted sinco incorporation into serine, which is. -
PO : D_o-o""jf o o the immediate precursor of ethanolamine (Arnstein, :
e S0y Ly T 5 . 1951), must be an obligatory step. It shouldd be .
Lok ) e B . noted;, however, that the radioactivity of the 8
? Rat 63 /2 (‘4' Bi) ‘ S c‘»tvhmmlumine moiety is obtained by difference and
' ;40 = /A‘p‘a; 6}/1 (-Ba) - L L v"{;” 59, errors in the counting” of choline and tri-
g S T E i'f" <& Uinethylamine could markedly affect the magnitude
o ’ R * of the difference between the deficient and control :
830} . R W rots. For this reason the reduction in the conver- = .
- gion of Histidine into the ethanolamine in Expt. 6b &
i‘; ‘ - ¥ . may not be significant. » . :
% 2.0 e . e . Owidation and urinary excrelion of formate
H:fa The effect of vitamin By, deficiency on the oxid-
€10 B . w . ation of formate is shown in Fig. 1. The initial rate
b CE N o - of oxidation was less in tho deficient rats, but after
& y . about 2 hr. the deficient animals expired somewhat
i | i 1 1 1 more HCQO, than the controls. The total oxidized in
t0. o5 4o 10 15 20 25 6 or 25hr. by the doficient animals was only
S Time (hr.) slightly less than that of the controls. ,
Fig. 1. Oxidation of godium {C}formate to respiratory The amounts of formate oxcreted in the urine
8 hon fioside by vitamin By, deficiont and control rate.  were: rat 03/1 (doficient), 0-6 hr. 0700 (129%),
The enmulative amount of C expired in tho respiratory .95 hr. < 0-001puc; rat 63/3 (control), 0-6hr.
€O, during 6 anq 24.hr. rospectively, after injection of  0.504 pc (8:6%), 6-25 hr. < 0-001 uc; rat 63/4
.‘;u‘f‘:g;‘;;‘l;ﬁl‘gcﬂtﬁf:;; :L‘:tl"’?"“""'“@ of the do%e. (geficiont), 0-25hr. 0:685pu0 (235%); rat 63/3
- AU t g (control), 0-24hr. 0:144pc (5:0%) Formate
e T T T — = ' excretion was thus essentially complete within 6 hr.
In the presenoe :of vitamin B,s, the relative effi- of the injection of the labelled formate and the
ciency of these compounds for methyl biosynthesis deficient animals excreted & greater proportion of
was gerino > formate > histidine, but in vitamin - the dose than did the controls.
B,,-deficient, animals it was histidine > serine > "~ When these results aro combined, the total
formate. . o T amount of formate excroted and oxidized to CO, |
' Both histidine and formate are poorer precursors  was: rat 63/1, 3-02 pc (51-8%); rat 63/2 (control), ;
of the ethanolamins 1noiety of choline than is  2:93pc (50-3%); rat 63/4 (doficient), 2:27pc
[N ’ ° » *
w | N o
A ;.§ * .
M e PR
! ». ¢ - f"}
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(78:09,); rat 63/6 (control), 1-88 xc (65:09,). The
differences between the deficiont animals and tho
corresponding controls are thus lus. chan 209

DISCUSSION

The observed stimulation of the biosynthesis of

choline methyl groups from serine and formato by
vitamin B,, is qualitativcly similar to that pre-
viously obtained with rats fed on amino acid diets
deficient in methionine (Arnstein & Neuberger,
1953). The greater difference in the utilization of
formate by deficient and control rats in the present
work is not surprising in view of tho likelihood that
the deficient animals were more thoroughly de-
ploted of vitamin B, since they had been specially
bred from mothers also kept on a deficient diet.
This interpretation is supported by the apparent
correlation between the conversion of formate into
choline and the vitamin By, content of the liver,
which must be less than about 25 pmg./g. bhefore
effects on formate metabolism can be demonstrated.
The normal growth and food consumption of
deficient animals suggests that the changes in
formate metabolisin which have been observed in
this work ean occur in deficiency states which are

. still relatively mild. These metabolic effects may

thus be an early consequence of vitgmin B,
. deficiency.

Although vitamin By, increased the oxidation of
formate to respiratory carbon dioxide and decreased

..its excretion in the urine, the combined eftect of
these metabolic changos appears to be too small to .
" account quantitatively for the observed increases

‘in methyl- -group biosynthesis. This conclusion is
supported by the observation that vitamin B,
actually decreased -the mcorporatlon of formate
“into nucleic acid adenine and guanine (Arnstein,
19586, 1959), since the radioactivity of these
metabolic products should be changed similarly to
that of choline if vitamin B,, affected mainly the
oxidation and excretion of formate. It is not

‘unlikely, moreover, that changes in the oxid- .

ation and excretion of formate could be due to

- a primary effect of vitamin By, on formate bio-
© ¥ synthesis from precursors such as serine, which
" s would affect the size of the metabolic pool and

hence its catabolism. That the oxidation of the

. hydroxymethyl group of serine to the level of

formate may require vitamin B, is suggested
by an increased conversion of [3-1%Clserine into
nucleic acid adenine and guanine by the vitamin
(Arnstein, 1959; Arnstein & White, unpublished
resulis). The present work shows that vitamin By,
also increases the reverse of this reaction, namely
the reductive conversion of formate into serine.
This result. is noteworthy because it demonstrates
that the metabolic function of vitamin By, on G,

H. R. V. ARNSTEIN

01

[

1960
metabolism by the rat is not restricted to Tethy),
group hiosynthesis.

Binco vitamin 13,,, unlike folio acid, s u.ppnrm.uy
not requirad for tho trunsfer of Cy compoindy g
the same oxidation lovel, as hus boon shown g,
transmethylation (Mistry, Vadopualaito, hu,,
Firth & Jobhuson, 1043), for the glycine s:,,,““
interconversion (Arnstein & Neuborger, 19; 53
Chang & Johnson, 1955;- Arnstein & Stankovi '
1956) and for purme synthesis from fommt{
{Arnstein, 1958b), it is suggested that it function,
at their interconversion by oxidation-reductigy,
reactions. Whether the mechanism by whig,
vitamin B,, stimulates the incorporation
formate into serine and methionine is similur ¢,
that involved in methionine biosynthesis figy,
sorine by Hscherichia coli (Guest, 1959; Wo. ol
1958) remains to be elucidated. |

It is of interest that the exponments Wwith
labelled histidine indicate that vitamin B,; may noy
be required for the utilization of this forniate
precursor for the biosynthesis of serine, methioniy,
and choline. It is possible, however, that mor
severely deficient animals would show a require.
ment for these reactions, In any case, the physjo.
logical importance of vitamin By, in C; metabolisy,
may be due to the availability of serine, a non.
essential amino acid, as a metabolic source of
formate in the presenco of the vitamin, whereag
in its absence histidine, an essential amino acid,
has to be used. One result of the relatively greater
lmportance of histidine as a formate precursor in
the vitamin B,-deficient animal could be a de.
crease in the availability of this amino acid for
other metabolic reactions; including protein

synthesis. S . A
‘ o / SUMMARY

1. The metabohsm of sodmm [“C]formate, DL-
[3-4C]lserine and 1.-[2 ring-*Clhistidine has been
studied tn vivo in young rats depleted of vitamin
B;, by breeding from deficiont mothers which wore
fed on a vitamin B,,-low casein dict. '

2. The livers of rats fed on the deficient diet
contained much less vitamin B, than those of
control animals and other mtemal organs were also
depleted.- ;"

4

-

3. The mcorpora.tlon of serme a.nd hxsmdme into ‘

the mixed visceral proteins was not reduced by
lack of vitamin B,;. -

4. Administration of vxtamm Bu to deficient
rats increased the oxidation of formate to respir-
atory carbon dioxide and decreased the urinary
excretlon of formate. ‘

5. The conversion of formate into both serine.

and methionine and that of serine and formate into
choline methyl groups were markedly increased by
vitamin By,. .

y
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8. Tho utilization of histidine for the biosyn-
‘thesis Of serine, methionine and choline was not,
affected by the vitamin B,, deficiency.

7. Itis suggesied that vitamin By, is required for
the interconversion of ¢, compounds by oxidation--
reduction, but not for their transfer at the samo
oxidation level. Tho possible physiological signifi-
eanco of this function is discuased. :

1 hould like to thank Dr J. E. Ford for the micro-
biological assays of cascin eamples and of the livers of the
first experiment and for helpful advice on the estimation of
vitamin B, with Ochrominas malkamensis. 1 am ‘also
grateful to Dr A. M. White for the isolation of choline in the
first experiment end for adviee on the uee of ion-exchange
chrowaiography in the jsolation of choline and to Mrs B.
Higginson for expert technical assistanco throughout this
work, ‘ - ; R
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The Effect of Vitamin B,,

{

on the Conversion of Glycine to Choline. By H.R. V. Awvsrsiy and

i

'
"

A. NeupERGER. (The Natioyal Institute for Medical Rescarch, Mill Hill, London, NW. )

“In an’ earlier communication one of us (Arnstein,

1950) reported that methanol, formate, the 8-carbon

atom of L-serine, the «-carbon atom of glycine are.

- precursors of choline methyl groups in the rat.
- Bimilar, findings have recently been obtained by

various American investigators. The results to be
reported now are concerned with the quantitative
significance of this formation of methyl groups from
nou-essentin] dietary constibuents under various
conditions,

Albino rats were put on the experimental diets
soon after weaning. In diets A, B, C, D and Ei the

. N . ; ) R ot - [ .?.".‘
_nitrogen requirements were provided by an-amino-

acid mixture (1811 9 of tho diet) containing the
essential amino-acids with the exception of methio-
nine which was replaced by homogyetseine. The diots
¥ and G contained 12-5 % casein. All tho basal diets
contained the known vitaming including folic acid
(2 mg./kg. diet), with the exception of vitamin By,
and choline. Vitamin B,, concentrate (equiv..to
2.5 ug./rat/day) was added to diets A, B, D and
T, choline (6.mg./rat/day) was added to diets B
and C, and pL-mothionine (25 mng./rat/day) was
added to diets D and E. All the diets contained

t

4
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2 % YC-methylene-labelled glycine (56:8 uc./mol.).
After 24, 35 or 39 days the animals were killed;
the two rats in cach group were combined and
glycine was isolated chromatographically as the
erystalline dinitropheny] derivative separately from
the carcass and internal organs, whilst choline from
the two sources was combined and degraded.

The two rats on diet A, which is devoid of labile
mothyl groups but contains vitamin B,,, grow at
averyslowrate (0-13 g.and 0-64 g./day rcapectively),
whilst the rats which received 5 mg. choline but no
vitamin By, (diet C) lost weight steadily. The rats
receiving vitamin B,y and 5 mg. choline (diet B) grew
moderately well (0-68 and 1-2 g./day respectively).
The growth rate of the rats receiving the amino-acid

- diet and 25 mg. methionine/day was not markedly
Fffecbed by the presence of vitamin B,,. The results
of the radioactivity mecesurements are shown in
Teble 1. * -

tion to be made of the extent of endogenous glycine
formation. The estimates from the various experi-
ments agree and suggest that this is about 1:5-
2:0 my/100 g. body wt./day.

The activity of the cthanolamine moiety of
choline is similar to that of the glycine except in the
animals which had rcceived cloline in .their diet.
The relative activitics of the two carbon atoms of
ethanolamine were not determined, and the extent
to which ethanolamine is derived frorm glycine can
therefore not bo aceurately caleulatod. Tho activity
of the trimethylamine moiety is low on diets lacking
vitamin B,, (diet C) or where mothionine has boen
provided (diets D and E). The activity in the roethyl
groups is particularly high in dict A (presence of B,
and absence of dietary methyl groups); the offect of
vitamin By, is very marked if the results for diets
B and C are compared.

Recent American work (e.g. Stekol, Bennett,

 Table 1. Specific radicactivitics of substances isolated (pe./mol.)

I E Choline
. . ' I A- ~ - Glycine
K ‘ Trimethyl- D
. o ’ Ethanolamine  amine {internal
i Diet* Total moiety . moiety organs) (carcass)
A (basal amino-acid + vitamin B,,) 30-73 17-60 1313 21-29 14-73
B (bass! amino-acid + vitamin B,; + 5 mg. 1828 1257 - 571 25-12 1874
cholinefday) .
C (basal amino-acid + 5 mg. choline/day) 10-10 8-40 170 23-15 14-32
D (basal amino-acid + vitamin B, +25 mg. 19-90 1596 395 24-66 15-60
nmsthionine/day) . o
E (basal amino-acid + 25 mg. methionine/day) - 18-85 15-61 304 24-66 15-82
F (casein + vitamin By,) 22-87 19-63 3-24 2316 21-27
29-49 23-05 6-44 24-28 2117

G (casein)

* The specific activity of the glycine fed was 56-8 uc./mol.

It can be seen that the activities of the carcass
and organ glycine are similar in animals which had
grown moderately well, whilst in animals which
had lost weight or grown poorly, the activity of the
carcass glycine is much lower than that of the organ
glycine even after 39 days. A comparison of the
activity of the fed glycine with that isolated from
the internal organs allows an approximate caleula-

REFERENCES .

Weiss, Halpern & Weiss, 1950) has provided
evidence on the basis of feeding experiments that
vitamin B,, is concerned with the synthesis of
methyl groups. Our present results strongly support
this conclusion,

The authors wish to acknowledge the gift of a vitamin By
concentrate from Dr W. F. J. Cuthbertson (Glaxo Labora-
tories Ltd.).

Arnstein, H. R. V. (1950). Biochem. J. 41, xviii.
Stekol, J. A., Bennett, M. A., Weiss, K., Halpern, P., & Weiss (1950). Fed. Proc. 9, 234.

The Thyroxine-Inhibitory Action of a Series of Ethers of n-Alkyl 3:5-Dilodo-4-hydroxyben-
zoates. By J. H. WiLkinsoN, Mary M. SHEAHAN and N. F. MacrLaGaN. (Department of Chemical

Pathology, Westminster Medical School, London}

Following the observations that the n-alkyl 3:5-
diiodo-4-hydroxybenzoates (Wilkinson, Sheahan &
Maclagan, 1950) exhibited a definite antithyroxine
action when tested by the oxygen consumption

[y

method in mice (Maclagan & Sheahan, 1950), the

effect of a series of related ethers was studied.

Frieden & Winzler (1949) reported the anti-

thyroxine effect of the benzyl ether of 3:5-diiodo-
a2
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Pigmentation and Vitamin-B,
Deficicncy

Sk~ Our attention has  just been
drawn o an cxcellent article published
in 1944 by Dr. Bramwell Cook centitied
A Vitamin B Doficiency  Syadrome
Allied to Sprue’™ in which he gives
a beauliful desoription of the type of
pigmentation deseribed in our article ot
June 29 last {p. 17134 Il¢ says, * The
skin overlying the knuchles of the fingers
looks darker than normul, and his com-
plexion is sallow and muddy, There may
be darkness of the skin around the neck
and the lips. The patient i@ conscious
and concerned about biz blackness, ..
And azain, " The common sites of pig-
mentation are:  on the knuckies, the
tongue (bluck spots iy appear on the
dorsum of the tonguel. around the lips
and in the nasoiabial folds, on the fore-
head, under the eyes, on the dorsum of
the ankles. back of the wrist, extensor
surfuce of the arms, frout of the neck,
front of the legs below the knees.”

Dr. Cook also observed that this pig-
mentation was as<ociated with a macro-
cytic anaemia, and that both it und! the
anaemia responded to crude liver extract.

As far as we are aware this is the first
documented description of this type of
pigmentation which we now know to be
associaled  with  vitamin-By:  deficiengy.
--We are, cte.,

S. J. BakEr.
MERCY IGNATIUS,
S. JOHNSON.
S. K. VaisH.

Wellcome Research Unit,
Christian Medical College,
Vellore, South India.
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- VITAMIN Bi; AND THE NUTRITIVE VALUE OF RAW
.5;& .‘ ~  SOYABEAN.

b ‘\ B. R. BALIGA, H. N. BHAGAVAN*, ano R. RAJAGOPALAN.
w - o (From the Central Food Technological Research Institute, Mysore.)
[Received for pﬁﬁlication, May 4, 1962.]

INTRODUCTION.

"* Or the many leguminous seeds, soyabean occupies a umque position. In
: splte of the fact that soyabean contains all the essential amino acids, the protein’
¢ *failed to yield a biological value or growth response commensurate with its protein
i quahty as indicated by its amino-acid composition.

| . The first pointer towards the explanation of this observation was provided by
5 Osborne and Mendel (1917) who reported that isolated soyabean protem was far
#® superior to the raw flour, Cooking the raw bean also produced an improvement
£ .by vzrtue of the increased palatability intake.
f)‘, ' The lmprovement in the nutritive value of raw bean brought about by pro-
a cessmg in wet heat is too well known to need enumeration (Evans and McGinnis,
. 1946), . After the discovery of a heat labile trypsin inhibitor in soyabean (Ham and
t Sandstedt, 1944 ; and Bowman, 1944) animal studies on the role of this factor
“ showed that it suppressed the growth of rats (Borchers et al.,, 1948) and chicks
ot (Ham et al., 1945). Since the degree of inhibition was related to the amount of
trypsin inhibitor present in the raw bean, it was proposed that the low nutritive
value of -raw-soyabean was due to the. delayed release of methionine and the
xmprovement on heating was attributed to increased availability of methionine
,(Mgln_xck Oser and Weiss, 1946).

Another principle, toxic to growth, present in raw soyabean closely associated
. with the antitryptic factors but not identical with them, was demonstrated by
% Liener (1951) by intraperitoneal administration to rats of preparations of trypsin
~ inhibitor from raw soyabean. Everson et al. (1944) and Desikachar and De (1950)
7. showed that germination improved the nutritive value of soyabean, but this was not
i due to the destruction of the proteolytic inhibitors. .

The factors responsible for the antitryptic activity and growth depression
{ ‘, were isolated and studied fairly extenswely (Kunitz, 1946 ; Bowman, 1946 ; Licner
+1958 and 1958)

.. Several 1nvestigators reported their experxmental obscrvations on the beneﬁcnl
effect of vitamin By, on an all-vegetable ration containing particularly soyabcan
meal (Charkey et al., 1950 ; Marfatia and Sreenivasan, 1951). These observations
‘related to growth studxes using properly hcated soyabean protein. The results
of feeding vitamin B;, on the biological value and protein cfficiency ratio of raw
soyabean and the in vitro trypsin digestion studies of raw soyabean protein and of
casein with added trypsm inhibitor with and without vitamin B,, are reported here,
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760 Vitamin Biz and the Nutritive Value of Raw Soyabean.
ExPERIMENTAL. E T R S

Biological value determinations were carried out "according to the balance- -

sheet method as modified by Mitchell (1923-24) with rats as the test animal. . The -

* protein efficiency ratio was determined by'the method of Osborne, Mendel and .
Ferry (1919). In both the cases the test protein was fed at 10 per cent of the dict,
The endogenous urinary and metabolic facal excretion of nitrogen were determined ..
by feeding a low-nitrogen diet containing 4 per cent whole egg’ protein; as growing -’
rats of 60 g. to 70 g. were employed for the BV determinations. _Weanling rats -
weighing 40 g, to 60 g. were employed for the growth studies. - T e
The diet employed contained the following ingredients (in per ceat) Osbornes st

- Mendel salt mixture 4, groundnut oil 10, cane sugar 10, test proteins 10 and starch Uy
to 100. Vitamins were provided at the following level (in mg.fkg. of dietys 4
Thiamine 2, riboflavin 5, nicotinic acid 10, pyridoxine 2, calcium-d-pantothenate ™~
20, and choline chloride 100 , The requisite amount of, vitamins~ was” added daily "
to the dict cup. Vitamins A and D were provided by “*Adexolin’ 2‘5132?3 per rat .|

twice & week. . ‘f
£
1
Y
Y

‘?‘:
¥

In one series, iodinated casein at 0-25 per cent level was fed for 2 weeks to:. )
deplete the rats of their vitamin B,, reserves (Lewis et al., 1949) and these rats were -
employed to determine the BV of raw soyabean protein. Vitamins were fed at
double the usual level during the period of feeding iodinated casein. - L %

The influence of feeding soyabean inhibitor extract (Borchers, Ackersq‘x';‘“ and
Mussehl, 1948) along with the casein diet on the BV of casein was also studied.

Vitamin By, was fed to the test group at 50 pe.fkg. of diet,

'

The excretion of amino acids during the test protein feeding was determined -
by circular paper chromatographic technique (Giri, Radhakrishnan and Vaidya- -
nathan, 1952) after desalting (Baliga et al., 1955). o &

The release of a-amino nitrogen was estimated by the method of Pope and
Stevens (1938) and methionine by the method of Horn, Jones and Blum (1946), |
The soyabean inhibitor used in the in vitro studies was prepared by precipitation
from an inhibitor extract (Borchers, Ackerson and Mussehl, loc. cit.) by adding
acetone to 70 per cent concentration.

casd Mee.m .

The raw soyabean flour was defatted by cold extraction using petroleum ether,

e

- v

RESULTS AND DISCUSSION. ° : it

i 2 Pl

The influence of vitamin B,, supplementation to a diet containing raw soya-
bean protein is represented in the Graph. RIRE

Protein efficiency ratio.—(PER) calculated from the growth data show th’étR;:.‘
vitamin B,, has improved the PER of raw soyabean protein from 0-35 to 0-65. The
effect of vitamin B;. supplementatian is almost similar to that brought about by
feeding optimally heat processed soyabean protein. IR

The biological value (BV) of raw soyabean protein using normal and vitamin By,
depleted animals and of casein with added soyabean inhibitor are given in Table I~ .

G W M G 2
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v GRAPH.
Growth curve of rats on raw soyabcan protcin diet (10 per cent protein level).

[

ol o—0 No supplement.
ot ™ 50 pg. vitamin By, per kilo.

kY

'Average weight in grammes,

1 A
- My 7 % j r3 7 ¢
T Pcriod in week. .
B M e e ‘ TabLE L
LA E_ﬂ'cct of vitamin B,y on the biological value of raw soyabean protein and casein.
¥ f ‘ Nitro,
3 R . gen
i . > Digestibility, ’ Biological value,
‘ Num'ber. ! Protein. Supplement. xnrtnake per cent. per cent,
4y . } g ‘
1 | RSB.’ .. 120.2 82:050:9  :  48.6::004
2 l R.5.B. B, 448-0 82.8::1.8 77607
3 R'S.B. Depleted 6647 | i8.6x1.2 | Gg2al2
¢, | RSB, Depleted +-B,, 623.2 TTed1.2 1 77.420.6
5. Casein ; .. [ 493:3 9ej=:1.0 , 36:0 0.7
e 8 Casein Inactive inhibitor 488:5 86-1::1.4 87ed 101
SRR Casein | ‘Active inhibitor . 449.2 87:54 1.8 747 108
&, *8 Casein ’ Acu‘ve inhibitoH B, 4640 | 825 1e¢ ‘ N5e2: 140
.87 | Casein » HOO | 88041 85.7u 0.8

" Feeding vitamin B;, along thh a diet contammg raw soyabcan protcm has
increased the BV from 486 to 77-G. It is well known that the nutritive value of
raw soyabean protein is low due to trypsin and growth inhibitors. Vitamin By,
feedmg has enabled the rats to overcome the adverse effect of these inhibitors.

28
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“52  ‘Vitamin Bz and the Nutritive Value of Raw Soyabean.
. Vitamin B, has enabled the rats, depleted of their vitamin B;, IESEI‘VE; by
feeding a diet containing iocdinated casein, to overcome the adverse effects of the,
inhibitors. The BV obtained by feedinga raw soyabean protein diet to such rats is
substantially higher than that obtained on feeding the same diet to normal rats, Thae

digestibility of the diet is significantly lowef in the group of rats fed iodinated casein. §

Rupp et al. {1451) observed that the nitrogen loss fesuiting from the c?xtabolitf;
action of thyroxinc in force-fed rats on constant food intake was significantly reduced .
on admiaistration of vitamin By, even though the weight logs was identiczl, The con- |
ditions in our experiment were different in two respects, namely, the-fecding was o4 .
lib. and the thyrotoxic agent was not present in the feed during the period when
nitrogen balance measurements were made. Ershoff {1947) reported that the beneficial’
effects of whole liver on growth retardation of thyroid-fed rats were correlated with ¥
increased food consumption and efficiency of food utilization. Similaily, the better-
utilization of nitrogen observed in the ‘present experiment wag due 1o increzsed
nitrogen intake brought about by the thyroid stress during the depleting "period. "
Another factor that should be taken into consideration would be-the pmt,ec;iy_et}
effect of soyabean meal for the immature hyperthyroid rat (Ershoff, 1949). -~ '

The experiments carried out by adding soyabean trypsin inhibitor preparztion .
to casein support the above conclusions. The inhibitor has reduced the BY of casein. !
from 86 to 75.  Providing vitamin B,. along with the inhibitor has restored the BV
or in other words helped the rats to overcome the deleterious effects of the inhikj- !
tors. Supplementing vitamin By, alone to the casein diet does nut change the BV. !
The quality of the protein fed and the urinary excretion of amino acids are 4
correlated (Pearce, Sauberlich and Baumann, 1947; Schweigert, 1947; Sauberlich, 4
Pearce and Baumann, 1948), The urinary excretions of amino acids were followed
chromatographically using butanol-acetic acid-water system. A few of the amino,‘;lg
acids migrate as groups in this solvent, ¢.g. leucine and isoleucine. Since it was only
intended to find out whether the urinary excretion could be correlated to the BV in
the present experiment, further resolution of these amino acids that have identical: 1
R{. values was not attempted. : ' ey

TaeLe 11 . L j
Effect of vitamin By, on the urinary excretion of amino acids by normal and depleted’ *
rats on raw soyabean diet (mg./g. protein intake).

.
s

.

-

' Normar DrrLETED o 4

Number. Amino acid. 1 RATS : RATS ‘ * ;“*

. ll .. By .e B, T“'i
1 Leucines ’ 2.1 | 1.9 08 | 06 - .

2 Methionine and valine S | 144 08 | 0.6 PR 3

3 Tyrosine : 24 2.2 I | 1.4 o i

4 Alanine . . 2.8 | 2.4 0«7 | 1.8 PR o

i Glutanic acid and threonine . ’ 8.2 8.4 2.5 2.6 S }

6 Serine, glycin and aspartic acid 7.4 44 2.8 3.2 A i\

7 Arginine lgs | 26 | 07 | 1a -

& 1 ysinc and histidine ! 2.3 2.3 Uaf 140 - R

b .. ' s

Cysting i 248 .2 ..

Wy

e
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In normal rats, the excretion prevailing in the group getting vitamin Bj.
supplement is lower than in the correspondmg control. The excretion in the
dcpleted group receiving vitamin By, is lower than in the normal group also getting
<vitamin B,, even though the BV in both the cases are the same. In a case like this,

the proportion of absorbed nitrogen excreted in urine may be equal in both the
_groups, but the distribution of the nitrogen into amino-acid nitrogen and other
substances, such as urea nitrogen, is likely to be different. The data on hand do
3110‘ allow any further interpretation.

é"- «, The improvement in nutritive value brought about by supplementation of
‘t, methlonme to raw soyabean protein was explained by Melnick and Oser (1948) as due
5{ to the reversal of the delayed release of methionine for optimum mutual supple-
1 3

1

I e e
e L
T -

T "V‘l T

.F'.:\‘

" mentation brought about by the tryptic inhibitor. Almquist and Merrit (1951) and
—‘f Almquist et al. (1952) basing their observations on in vitro studies concluded that
'; ‘the tryptic inhibitor of raw soyabean protein reduced the tryptic digestion and
S telease of amino acids generally, there being no evidence of a specific impairment
- of methionine release. Liener and Fevold (1949) also came to a similar conclusion
after the results of in witro digestion studies. But, in a later report, Liener,
- Deuel and Fevold (1949) stated that the growth-retarding action of soyabean
s {nhibitor added to diets containing autoclaved soyabean meal was referable to
“®linterference with the availability of methionine for growth. Viswanatha and
+ Rajagopalan (1952) from dialatometric studies of tryptic digestion of raw soyabean
** protein and Viswanatha Rajagopalan and De (1952) from the in vitro digestion
4 ltudms. postulated the resynthesis of protein from the products of hydrolysis.

A .
R Tasee III.

p Re!case of a~amino nitrogen* from raw soyabean protein by trypsin with and

)

e

iv
%f-;.v »o L without vitamin By, (mg.).
"13 o T’m;' TRICHLOROACETIC ACID IILTRATE : Iso-ELECTRIC FILTRATE ¢
%‘ . ...,?u.»- . ee ] B‘. »a B13
B . ' 0:5 209 30.2 437 638
SRR 1.0 209 30-3 403 70:6
P N U 2649 30.2 50+4 7046
Ge oo f 20 26.9 30-2 470 70-6
5 L 2 26.4 302 504 713
# 840, 26e4 . 302 4740 718
. | -1 204 B30 47.0 80.7
g . 40 30.2 83.6 b 470 80.7
; ST 4l 30:2 33.0 P 538 94.1
SR 50 ;o 30.2 33.0 1D Udel
_ \ W Db 3042 33.6 b 8349 110.9
‘ Y 30,2 33:6 . BTl 1142
S 2.0 3.6 36+9 60.5 108:8
R ‘ 8.0 , - 83.6 36-9 P B0 121.0
e - 10:0 83.6 37:0 i 7007 114-2
, 120 [ 87.0. 37:0 P 50 134.4
20 47.0 47:0 | 81 12747

» The quantity of frec amino nitrogen given, corresponds to the total umount
in the substrate. Total amino nitrogen in the substratess820 my,
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The results obtained in this cxperiment on the in vitro digestion of nw

soyabean protein are in agrcement with the postulate of Viswanatha, Rajagopalan ..
and De (loc. cit.). During the tryptic digestion of raw soyabean protein the a- J
amino nitrogen in trichloracetic acid (TCA) filtrate has increased at a slower rate %
in the substrate enzyme system not containing vitamin Bp.. The rise and fall of <}
a-amino nitrogen in the case of the iso-electric filtrate may be;*'interxﬁretzd to show q;
that re-synthesis or aggregation takes place during the digestion. In the system B
containing vitamin B, the digestion is proceeding smoothly. Onlyin the later 1
. part, i.e. after 6 hours, is there any tendency towards resynthesis or aggregation. 5

The pattern of e-amino nitrogen release from casein with added soyabean
trypsin inhibitor is also similar. The concentrations of a-amino nitrogen are equal
at the end of 24 hours digestion in the presence or absence of vitamin By, in the

P

case of TCA filtrate, but higher in the presence of the vitamin in the iso-electric: "¢
filtrate. . . — e WG
. ’ - “ ¥
’ TasLe IV. s Eh o
Relecse of methionine® from raw soyabean protein by trypsin - B
with and without vitamin B,, (mg.). . s
' i TRICHLOEACETIC ACID FILTRATE : IS0-ELECTRIC FILTRATE :. - : :g
Time, | IR %
hour. . B, .. By’
e et .
1 g 1.0 | 1.2 ’ 1.5 L 27
2 1.0 | 2.8 i 1.7 7
3 1.0 4.9 1.7 165
4 1.2 69 1.7 16-5
5 1.2 8ol 2.2 28.3
6 . 1.2 i - 102 2.2 34.7
8 1.6 | 10.8 ! 2.5 : 355
10 2.2 ! 114 | 3.2 4l.1
12 2.5 120 i 3.9 424
o 61 17.9 | 132 1748

*The quantities of methionine given, correspond to the total volume of
the substrate. Total methionine in substrate=84+4 mg.

N .

Similarly, the release of methionine from raw soyabean protein i5 higher im;
the presence of vitamin Bi.. '

In contrast to the observations of Almquist and Meritt (loc. cit.), Almquist._,. A
et al. (loc. cit.) and Liener and Fevold (1949), the data from the present experiment
indicate that methionine is released at a comparatively faster rate than e-amino’
nitrogen during the tryptic digestion of raw soyabean protein in the presence of
vitamin Bjs. Re-calculating the release of «-amino nitrogen and methionine as ..,
percentage of the total at a particular time, e.g. six hours of digestion, they are _
9.4, 10-5, 17-8 and 357 per cent of e-amino nitrogen released in the TCA filtrate -
and iso-electric filtrate and 1-4, 121, 2-6 and 41-1 per cent of methionine released.

The increase in the rclease of a-amino nitrogen and methionine is more in the "~ *
presence of vitamin By, in the case of iso-clectric filtrate than in the TCA filtrate. .,

T W AT S
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{..” After 24 hours, the quantity of a-amino nitrogen released into TCA filtrate is
g;.g.::_,}equal in the presence or absence of vitamin B, but the quantities in iso-electric
" fltrate are different. In the case of methionine release, the difference between the
‘¢, digest containing the vitamin and the digest devoid of the vitamin is persisting even
. though it is of a smallest magnitude. The tendency to re-synthesize is greater in
r'( the initial stages than in the later stages. The presence of vitamin B,, has governed
. # the tendency of the trypsin inhibitor to tip the reaction in the forward direction
& with the consequence that more of @-amino nitrogen and methionine have been
- released.
.©. 7 The intermediate products of digestion of a larger size are more susceptible
¥ o re-aggregation than the smaller breakdown products as evidenced by the fluctua-
# “tions in the @-amino nitrogen concentration in the iso-electric fltrate. The tendency
¥ for back synthesis is apparent between 6 and 12 hours. Even though the actual
. fall in @-amino nitrogen concentration is not apparent in the TCA filtrate, the rise
" * in concentration is not smooth.
;" The percentage increase in release of @-amino nitrogen brought about by
t_:vitamin Bj; during the trypsin digestion of raw soyabean protein and casein with
. added soyabean inhibitor are equal. This observation shows that the improvement
n -of BV of raw soyabean protein brought about by vitamin B,, is solely due to the
V4 increased release of amino acids and methionine during digestion. It has, how-
¢ ‘ever, been assumed that the data obtained during in vitro digestion are not
* . substantially different from in wvivo digestion. On the other hand, the extent of
i improvement in the BV of raw soyabean protein and that of casein with added soya-
%:/ bean inhibitor suggest that there may be a metabolic involvement of vitamin B,, in
1 the utilization of raw soyabean protein.
£ Apart_from the two possibilities of improvement in nutritive value, namely
r. improvement in availability and or removal of some toxic factor present in raw
% goyabean, the recent literature also reports that feeding raw soyabean protein diets
" to rats produces a hyperactive pancreas and increased secretion of enzymes in a
¢ compensatory fashion to the effects of the trypsin inhibitor (Lyman and Lepkovsky,
1057 ; Haines and Lyman, 1951). This hypertrophy of the pancreas and the drain
- on the endogenous amino acids brings about a state of reduced availability of amino
" acids for anabolism. The two postulated mechanisms lead to the same final result,
namely reduced availability, the first giving reduced availability because of faulty
% and elow “digestion and the second, due to induced wastage of assimilated amino .
acids, From the data available in the present experiment it is not possible to say
. ‘whether hypertrophy of the pancreas was present and whether vitamin B, has
o c6rregted this as well.
"B o SUMMARY. o
. L.~ Influence of feeeding vitamin By, on the nutritive value of raw soyabean.
protein was determined. "It was found that vitamin B,, increased the biological
value and protein efficiency ratio to the same extent as adequate heat processing.
The effect of the inhibitor and its counteraction by vitamin By, was confirmed by
feeding an active preparation of soyabean inhibitor along with casein.

~
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releasc of a-amino nitrogen and methionine and the effect was identical when the
substrate was raw soyabean protein or casein with added soyabean 1nh1b1tor. o

\

2. In vitre trypsin digestion studies showed that vitamin By, mcreased the |

L A

The authors’ thanks are due to late Professor K.V: Gm,,D Sc., F N I., for hxs S
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Cholesterol and Bile Acld of Albino rats; =~ .+ TapLe | — EFFECT OF Viramin B,, ON LIVER'AND <t
' - Brgop CHOLESTEROL AND FECAL.EXCRETION OF BiLE I

~ "Acip AND CHOLESTEROL. OF ALBjNo Rats FEp o v, I

Kept on High Cholesterol Dlet =~
' I N Tt L i .. HicH CHQLESTEROL DIET"

I
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¢ *(Number of animals used in the study are 4 and experimental
PO ,p'eriod is 121 weeks, Valags are mmean, SE.) -

‘ Buakary BansRiEr & Ci Ho CHAKRABARTI R
Drepuriment of Biockemistry, Nagpur Univcrsity,'Nagpuf

o Manuscvipt received 12 Moy 1969« 7 - . R . RESE P R TR
S AN FPREEEI A < Total * . Total" . Daily «Daily . )
o T N R e B T 4 TN “choles- =" blood .. : fecal - *- fecal -
Vitemin B, when glvenin high dosc-torats recelving - ¢ - terol - choles- " excre.t_ion sexéretion
contents ™" terol, . bfbLile . of |

- high cholesterol diet, increased the fecal excretion of O . 0
<" acids,? - tholes-

Hile arid without showing any. appreciable increase in )

the escreton of cholestrol in feces. A cholesterol imgjrat Iy terol, .

Towering etiect in the liver and blood of these anirals: W& mgfraty vy
18 ainu observed. T P S PO U S S P Cy
S e S T "’n::-“v.,‘ ¥iof o I [ :

i "GYORGY ‘and Rose! observed that vitamin By xi = & R

o ..ha.d a lipotropic efiect on rats when 05 pg was.  *1f, High -

& fed daily. - Ignotova® studied the effect of vitamin. . . cholestcro

.. By on"man and found a decreased serum choles- . diet,

. Tterol - level. Hartman® also reported lipotropic  “ 1j. 'High choles-
effect of vitamin B,;. This method of decreasing - *> terol diet-f. - " &

i+ cholesterol is of considerable interest in the study « - vitamin B, oo
.+ of arteriosclerosis and deserves further study. In 50 L Ty et
) our previous investigations®?, we have observed = T - .t L AR
‘.. -that massive dose of niacin, inositol, choline and ' e R e e T TR
‘r. ryiboflavin when given along with high cholesterol diet could lower”the cholesterol .contents of liver. ... .-y
e e S : ) ~and blood. * It was, therefore, .thought “worthwhile “+ % *%
S T TR (U P TR SUR 'to investigate ‘whether high dose of vitamin. By -

et e i PR T #.when “given along with ‘high ' cholesterol diet can’,

i ;lower 'the cholesterol contents offiver“and blood. +

" Since catabblism of cholesterol “consists * primarily”
.in : the ‘conversion to bile acid and appreciable

‘¥ amount is®excreted in feces, it .wa$ ‘also thought "=+, -> ’ ‘;
4

'r';‘dcsirable to investigate ‘whether or. not vitamin .
" Byy will influcuce the fecal excretion of bile acid:
%, and cholesterol of animals kept on high cholesterol

odiety o T e T
&\’ Albino rafs weighing 120-150 g were divided into
"threegroups. The animals of group I were given,
 the same basal .diet as was used earliert,  The'
“anjmals of group II were kept on 194 cholesterol .
" containing basal diet which .was prepared by re- o
“placing 1 g of sucrose of basal diet by 1 g choles- , « v %
“iterol. The anitaals of group 11T were given 194 ° B
* cholesterol containing basal diet +100-pg of vitamir .~ '
T3;5/100 g of the diet. The animals were sacrificed: ¥ |

P s NSy AN

(AT e

L

§ after twelve weeks of experiment by stunning.s, -

1" The Jiver lipids were extracted with acctone-alcohol ~ g .
4 , mixture (1:1). Cholesterol' contents of liver, bloods** ...
:+.and feces were estimated by the method of Schoen-.. . .

. heimer and Sperry®. Fecal bile acid was estimated ., ¢ o ™
¢ by. the method of Snell?, .~ " wirg T Ty
i Tt will be evident from the ‘data presented inv .
t¢ Fable 1 that the animals receiving high dose.of ",
o . vitamin B,, along with high cholesterol diet showed
“"less contents of liver and blood: ¢holésterol tham. =
animals receiving high cholesterol diet alone. The
. animals receiving high cholesterol diet with high
" dose of vitamin B;, alse showed more excretion
of bile acid in feces without any appreciable change
“in the fecal excretion of cholesterol. The choles-
terol lowering effect of vitamin By, may be attri-
buted to increased conversion of cholesterol into
bile acid which is excreted in the feces. .
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EC 3.2.1.1) of the hepatopancreas of the South Indian -

» georplon, ‘H, scaber, has been studied. . The optimum -} % &
. The enzyme activity decreases to less than 167

. pH and temperature for the enzyme activity are 6-6.

" INDIAN J. EXP. BIOL,, VOL. 7, OCTOBER 1969 L coe

o

ey ol o ':k‘:mv"‘."‘-' . ) "._ v )
The a-amylase (a-1,4 glucan 4-glucanohytrolase, '

¢

The optimum pH for enzyme activity j5 g,

to be 6-6. The enzyme is active between pH“;;d
and 80 while at H below 6:0 and above 4. oo
activity is considerably lowered. In contrast tlle

human salivary «-amylase has a much wider rq; e
in that it is active between pH 3-8 and 9.4 yio,
the optimum at pH 69 (ref. 2). The optirmlx 1
pH for other mammalian a-amylases varies betyo, n
pH 6:0 and 7-0, while it is between 5-85 and 60 fm
the w-amylase from B. sultilis?, 4-8 and 5-8 f{or c;r
orzyact and 4-75 and 54 for malts, -~ . . ..

_decreases above thist, ", -, ! DA -
.. The enzyms loses most ol its activity on k €eping .

by

. for 72 hr at room temperature, while it can Lo kept
- at 5°C for"48 hr at pH 6-6 without any -
Jdoss of activity, At —20°C the inaclivation ufter

appreciable

-:72 hr is smaller than that at 5C. The crayme

‘is” rapidly inactivated by prior incubation at 417

“54-0 for 1 hr while at £-2.0 it is complotely inaeti-
" “vated. At pH 80, there is only slight inactivatiag

- but at pH 10-0, the enzyme luses most of the activits,
Thus, both strong acid and alkali cause irreversiiye .
jnactivation of the enzyme. o :

‘and 42°G respectively. Outside the pH range 60 and - of the original valué on dialysis for 48 hr at &7

8-0, and above 60°C, the enzyme is rapidly inactivated.
- It loses its activity on keeping at room temperature

for 72 hr, while it is fairly stable at 5°C for 48 hr. *

- Strong acld and alkall cause irreversible inactivation,
The enzyme loses its activity on-dialysis, but chloride
“ ¢ ions at 0-01M restores the activity to 85%, of the original
*  walue. Chloride ions raise the -optimum pH of the
. » enzyme from 65 to 7:5. Iodoacetate and p-chloro-

ﬁmoum are not involved in the gctivity. 'EDTA causes
ctivation, possibly due to removal of Ca** iong.. .

0 THE digestive en¥
o of the scorpion, Heterometrus scaber, have not

been invéstigated so far, Investigations were, there- *

fore, undertaken on the amylotic, proteolytic and .
lipolytic activity of the hepatopancreas of this.scor-
pion. . The nature of a-amylase has been studied
.and the results are reported in this paper. :
. The scorpions were obtained lpcally and main-
tained i the laboratory. ~After the entire animal
was cooled to 0°C, the hepatopancreas was removed
. 'and transferred to én.dée cold mortar. It was then
* homogenized in a suitable buffer" and the homo- "
genate centrifuged at 0°C at 1000 rpm for 15 min,
Thie supernatant was used as the source of enzyme.

+ a-Amylase (a-1,4-Glucan 4-Glucanohydrolase, EC .

3.2.1.1) activity' was. assayed according.to the
* method of Henry and Chiamori!,  based on the

_ mercuribenzoate haveno effect indicating that —SH .

nes “of the hepatopancreas -

ragainst- NH,OH (#H. 7-5) and using dialvsed wih-
“strate (dialysed for 48 hr against 0-137 pin
buffer, pH 6:6) for enzyme assay. The retiv. |

restored almost to its original value by 0-G117 Na()

* Other anions, viz. Br-, I, NO; have a smiiir
..effect, but to a smaller extent.

ct Bt restores the
“activity to 83%, of the original valwe, whilc O3

. and I restores ‘the activity fo 58 and 379 1espoe-

tively, .‘No activation: has been obtained wiih
S0%, - OOCCH; or CNS-.. The .activation Ly (I,
“is independent of the cation present. ’ :
and MgCl; have more or less the sane effect 55 NaCl. -
This effect of anions is similar to ihat reported for
mammalian «-amylases, particularly the regeire-
ment of CI° ions. ’

: - The activation of the dialysed enzyme by clhloride
jons depends on ihe concentration of Cl° ions, in-

“ creasing "from 0-00137 (activity restored to 509, .-
- of the-ofiginal value) to a maximum at 0-013f .

(actiyity restored to- 959, of the original value).
Inereasing sthe chloride ion  concentration above
this has no further activatioh effect.

Activation of dialysed'enzyme by Cl” ions has:
been found to be a function of pHS. In the absence.
.of CI- ions, the optimum pH for enzyme activity

s using dialysed enzyme is 6-5 while in the presence
" of chloride there is a shift of optimum pH io 7°5.

The optimum temperature for the enzvineachi.’ i
i A acti-- '
~Vity is 42°C.- The enzyme acthty-dccrea{g ab'gt,:."? t
-42°C and the enzyme is completely inactivated . o
,. B _a&bove v80°C}.. In the human salivary g-amylase, -« -
o - A SR T however, the activity inercases: L
B “a-Amylase of the Hepatopancreas of the . : y Increases up to 40°C and , -

S ey

KCl, CaCl, - -

?

by

el A AR

S et

* ‘estimation of .the reducing sugar formed, The sub- Similar shift of the optimum pH towards alkaline -

’ strate contained 0-0067M NaCl, unless otherwise ., side by chloride ions”has been reported for human .
stated. A unit is defined as the amount which « salivary a-amylase’. It is suggested that this may .’

causes liberation of 1 mg of reducing substance, ‘be due to the formation of an enzyme chloride =~
glucose, in 30 min under the prescribed condi- - c%mplex and shifting of the pH curve to the alkaline

tions. ) o v Do Side., . S S R

".The atamylase’ activity of the hepatopancreas '~ Todoacetate and p-chloromercuribenzoate (at a -

of different scorpions was found to range.between -

e rr

La

-concentration of 1 inmole) have no effect on enzyme

24-3 and 28-3 units/g of wet tissue. =~ - 7., activity. “This is in_accordance with the results ..
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Vitamin B, content of some articles of Indian diets
and effect of cooking on it

By D. K. BANERJEE anp J. B. CHATTERJEA
 (Received 21 January 1963—Revised 17 April 1963)

Vitamin By, deficiency due to dietary inadequacy is not uncommon in India
(Bancrjce, Hosain & Chatterjea, 1959; Banerjee & Chatterjea, 1960). To know how to
prevent this deficiency, it is necessary to have precise information on the distribution

of vitamin By, in Indian foods and the availability of the vitamin after cooking. Our

study was undertaken to provide this information,

EXPERIMENTAL

The substances analysed were muscles from fourteen varieties of fish and prawn,
muscle and liver of the goat, duck egg (yolk), cow’s milk and twenty items of vegetable

origin, including rice and pulses. Materials were analysed in (a) the natural raw.

(uncooked) state, () after boiling, (c) after cooking (frying and boiling).

Raw material. The fresh material (5 g) was homogenized with distilled water and’

transferred into a flask. To this homogenate, 25 mg of powdered papain (Biddle
Sawyer & Co. Ind. Pvt. Ltd) and o'1 ml of 19, (w/v) sodium cyanide solution were
added, and the mixture was incubated under toluene at 37° for 72 h. For vegetables,
10mg papain were used. After incubation, 40 ml of acetate buffer (pH 4-5) were
added to the homogenate, which was then autoclaved at 101b pressure for 15 min and
cooled, and the volume was made up to 200 ml. Next the extract was filtered and from
the clear filtrate a micasured portion was analysed for its vitamin B,; content.

Boiled material. 'The fresh material (5 g) was boiled with distilled water for 1 5 min
- and homogenized. The homogenate, together with the boiling water, was transferred
Y a flask and was treated similarly to that from the raw material.

Cooked material. The fresh material (5 g) was fried with mustard oil in an open
aluminjum pan for 10 min at a temperature varying between 110° and 120°. The fried
Material was then boiled with distilled water for 15 min and homogenized. The
_”Omogenate, together with the cooking water, was transferred to a flask and treated
10 the same way as the raw materials.

Control. The requisite amount of powdered papain and o1 ml of 1%, (w/v) sodium
“¥anide solution were added to 30 ml distilled water and incubated under toluene at
37° for 72 h. After irlcubation, the mixture was treated in the same way as the raw
Material and its vitamin By, activity was measured.

Vitamin B,, assay. Vitamin B,, was assayed by the method of Ross (1952) with
Euglena gracilis var, bacillaris as test organism.

25 . Nutr. 17, 3
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muscle or some fish.

RESULTS

Vitamin B,y in the raw materials. Articles of vegetable origin did not show any
vitamin By, activity. Results obtained with those of animal origin in the raw state,
after boiling or after cooking, are recorded in Table 1. Results shown in the table
are the means of three observations for each sample. Some of the materials wep,
analysed on two different occasions and are represented by two mean values.

Goat liver was found to be the richest source of vitamin By, examined. A fair amoyp,
was present in nine out of fourtcen varieties of fish, of which Tapsey (Polynemy,
paradisens) and Tangra (Mystus vittatus) seemed to be the richest. Goat muscle wy
found not to be a good source of the vitamin. Egg yolk was a better source than goy

D. K. BaANERJEE AND J. B. CHATTERJEA

I

Table 1. Vitamin By, activity (Euglena gracilis assay) of articles
of Indian diets, and effect of boiling and cooking

Item

Fish (muscle):
Catla buchanani

Lates calcarifer
Labeo rohita

Mystus vittatus

Heteropneustis fossilis
Clarias batrachus
Anabas testudineus
Mugil parsia

Glossogobivs giuris
Ophiocephalus striatus
Apocryptes lanceolatus
Wallago attu

Hilsa ilisha
Polynemus paradiseus
Prawn

Meat:
goat muscle

goat liver

egg, duck
Milk, cow’s

Vitamin B, activity

( pg/100 g fresh weight)

Local , N
name Raw Boiled Cooked
Catla 07 16 048
2-08 45 061
Vetki 34 1o o5
Rui - 36 — —
67 13 oo8
Tangra . 118 308 1o
7S 485 37
Singee 404 1-36 o8
Magur . 37 29 03
Kai 1°9 11 o065
Parsey : 36 7 53 SN
56 277 20
Bele 22 —_— 2:a
Shole . 10 — o3
Guley 26 — 024
Boal 46 136 132
1lish 40 4'5 o016
Tapsey 8o ‘10 047
Bagda, chingree 101 —_ 045
Mangsha 10 o-26 o008
1'26 — —
Mete 400 104 260
100 — —
Dim (patihans) — 60 —
—_— — 488 —_

* pe/l

0168

963

Loss after
cooking as a

percentage

of

activity of

boiled
material

700
86-4
500
938
67's’
237
41°1
896
409
352
259
96-4
$3°0

696

T 750

Vitamin B, in the boiled materials. The effect of boiling was studied in eleven varieties
of fish; in nine, the values after boiling were lower than in the raw materials. In goat
muscle also the value was lower after boiling. In three varieties of fish, and in goat
liver on one occasion vitamin By, activity was higher after boiling than in the raw
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state. Higher values were noted on two occasions in a single variety of fish (Catla
puchanani) and on one occasion in the other two types (Mystus vittatus and Hilsa
ilisha). Egg yolk and cow's milk were found to contain significant amounts of the
vitamin after boiling. _

Vitamin B, in the cooked materials, Except for one variety of fish (Glossogobius
giuris), the vitamin B,; activity of the materials was lower after cooking than when they
were either raw or boiled. This low value was noted even for the four articles that
showed higher values after boiling. Vitamin By, activity after cooking was less than
that after boiling in twelve out of thirteen materials studied. The amouht lost in
cooking as a percentage of {hat left after boiling varied from 237 to g6-4.

DISCUSSION

The figures for the vitamin By, contents of Indian fish agreed well with the results
tecorded by Teeri, Loughlin & Josselyn (1957) for some of the species of fish con-
sumed in New England, USA. Our values also compare well with those recorded by
Brackkan (1959) and Barrett & Widdowson (1960). But the values reported by
Srecnivasamurthy, Swaminathan & Subrahmanyan (1g55), Ueno (1956) and Love
(r961) were somewhat higher. The vitamin B;, content of goat muscle was low and
similar to those reported for mutton and lamb leg (Schweigert, Scheid & Marquette,
1951; Barrett & Widdowson, 1960). Goat liver was found to be the richest source of
vitamin B,, examined, the value found being similar to that given by Shenoy &
Ramasarma (1954) and also to that for beef liver reported by Schweigert et al. (1951).
Our value for goat liver was much higher than that recorded by Sreenivasamurthy
ot al. (1955). A low value was also recorded for sheep liver (Barrett & Widdowson,
1960). Egg yolk contained  significant amount of vitamin By, similar to that reported
by Sreenivasamurthy et al. (1955). A lower value for hen’s egg was reported by
Barrett & Widdowson (1960). ‘

The vitamin B, content of cow’s milk was found to be close to that reported by
other workers (Collins, Harper, Schreiber & Elvehjem, 19515 Antener, 1958-9;
S.leenivasamurthy, Nambudripad & Iya, 1953; Macy, Kelly & Sloan, 1953). The
vitamin B,, content of raw whole milk, determined by rat assay, ranged between 55
and g4 pg/l. (Hartman, Dryden & Ricdel, 1956). Gregory, Ford & Kon (1958)
reported wide variations in the vitamin B;, content of cow’s milk, The vitamin By,
activity of goat liver, egg yolk and fish agreed well with the values for lamb liver, egg
Yolk and fish, respectively, as reported by Lichtenstein, Beloian & Murphy (x961).

A comparative analysis of the vitamin By, contents of the raw and boiled materials
would indicate that boiling as done in our experiments may lead to a considerable loss
of the vitamin. This observation cannot be satisfactorily explained, since cyanoco-
balamin jtself was not destroyed. The explanation may lie in the method of preparing
‘hf samples for assay. To begin with, the raw food was homogenized and incubated,
%ithout prior heat treatment, under toluene for 72 h at 37° in presence of papain.
Toluene did not necessarily prevent all bacteria from growing, and there was the
Possibility that bacterial synthesis of vitamin By, had occurred during this incubation

25-2
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period. Further, the natural enzymes present in the raw food might have been actj, e,
In contrast, in the heated foods there was less likelihood of bacterial growth occurriny

and the natural enzymes had been inactivated. These two factors could result in,

higher vitamin B, activity being measured in the raw foods, either because the
natural enzymes were more effective in releasing the vitamin than papain or becauSe
bacterial syntheqns of vitamin By, had occurred

Increase in vitamin B,, activity, as found in three varieties of fish and goat llve,
could be due to better extraction of the vitamin by boiling.

Reports on the effect of cooking dre scanty. We found that the vitamin By, actiyjy,
of almost all our materials was much lower in the cooked state than in the boileg
state. "Thus cooking entailed considerable loss in activity. In comparing the activige,
of the boiled and the cooked material, there was hardly any possibility that the resyl,
had becen influenced by the variable factors of enzymic release or bacterial syntheg;
or both.

SUMMARY

1. To ascertain the distribution of vitamin B,, in Indian diets, several varieties of
fish, goat muscle and liver, egg yolk and cow’s milk were assayed. The effect of
boiling and cooking on the availability of the vitamin was also investigated.

2. The material was homogenized in the natural raw state, or after boiling
for 15 min or after cooking (frying and boiling). All three homogenates wer
digested with papain and sodium cyanide and extracted with acetate buffer. T,
vitamin By, activity of the extracts was determined microbiologically with Euglen,
gracilis.

3. The largest amount of vitamin By, activity was found in goat llver most of the
fish contained a fair amount. , :

4. Considerable amounts of vitamin By, activity were destroyed by cooking. The
loss, as a percentage of the activity after boiling, varied from 23-7 to 89-6%,.

5. The results of the study are discussed in relation to other published work,

We thank Dr R. N. Chaudhuri, Director, School of Tropical Medicine, for pro-
viding the necessary facilities for our investigations.
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Vitamins of the By (cyanocobalamin) group apparently participate in several
‘metabolic processes.! For cxample, Helleiner and Woods? reported that a cell-
free extract of an Escherichia coli mutant, which requires either methionine or
vitamin By, for growth, forms methionine more rapidly in a reaction mixture
containing homocysteine, serine, and adenosine triphosphate when supplemented
" with vitamin B,;. This indicates that the vitamin participates at some point in
- methyl group formation or transfer. More recently, Wagle ef al.? found that
vitamin B;, stimulates incorporation of amino acids into the proteins of a miero-
some-soluble protein system of vitamin Bj,-deficient rats. Inhibition experiments
with an unspecified anti-B,; compound indicated that the vitamin is involved in
the activation of amino acids, Evidence for the involvement of vitamin By in the
synthesis of deoxyribose by Lactobacillus leichmanii*® and in the reduction of
dithio groups® 7 has also been presented.

Although these and other studies! have identified several metabolic processes in
which the cobalamins participate directly or indirectly, the precise roles of these
tompounds have not been established. No specific enzymatic function has been
demonstrated, and no coenzyme form of the vitamin has been described.

We wish to report the isolation of a coenzyme form of pseudovitamin B, which
is required for the decomposition of glutamate by particle-free extracts of Clostridium
letanomorphum. The cocnzyme is involved in the rearrangement of the carbon
skeleton of glutamate to form a branched chain amino acid, 8-methylaspartate.

Previous studies in this Iaboratory® have shown that the fermentation of gluta-

Mate by C. tetanomorphum oceurs by a sequence of reactions that is entirely different .

from the tricarboxylic acid cycle. A key compound in this sequence is mesaconate,
. % brapched-chain- C;s dicarboxylic acid. 'The reversible conversion of glutamate to
Mesaconate and ammonia involves the following two reactions: L

| C':OOH . (T‘QOH -

‘. CHNH, . .. CHNH,

; ' ' SO0 ’ ‘i :

. cCHy v+ COOH
R I A
; .,‘COOH ‘ ": e :‘

B-x\lethylasp:;rt;l.e ‘
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Reaction 1 has been shown to require a coonzyme that can be removed from
St erude extraets by treatment with charcoal®® Such cxtracts can be reactivated by
: "9 the addition of boiled extract or purified coenzyme (Table 1). Estimation of the

3 { rate of reaction 1 and of coenzyme concentration is based upon the rate of mesacon.
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Fi6. 1.—Absorption spectrum of the active coenzyme, 1.8 X 10~ 3, in 0.03 )/ sodium acctate pH 6.7,
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ate formation, determined spectrophotometrically at 240 my, in a system containing
an excess of S-methylaspartase,? which catalyzes reaction IL. For coenzyme assay,
a charcoal- and protamine-treated extract, containing the apoenzyme for reaction L
is also added in excess,
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We have developed a method for the purification of the coenzyme in micromolar
amounts from C. telanomorphum by the use of columns of alumina, Dowex-1, and
Dowex-30. - Fractions containing the most highly purified coenzyme are yellow-
orange in color and show a distinctive absorption spectrum (Fig. 1), with maxima

TABLE 1+

Cokxzyme REQUIREMENT FOR CONVERSION 0OF GLUTAMATE T0 MESACONATE

40.D.
Expt. ! Conditions 240 ma/min
Crude extract, 0.2 ml. 0.180
I Charcoal-treated extract, 0.2 ml, 0.008
. Charcoal-treated extract, 0.2 ml. +
heated extract, 0.2 ml. 0.142
Engyme 0.002
1 Enzyme + 0.02 ml. coenzyme solution 0.035
Enzyme 4 .0.04 ml. coenzyme solution 0.076
Enzyme + 0.08 ml. coenzyme solution 0.118

¢ All reaction mixtures contained Tris-chloride buffer pH 8.20.05 W, KC1 0.01 M. MgCl: 0.001 M. and rotassium

L-glutamate 0.01 3 in & total volume of 1 ml.

In Expt. 1 the crude extract contained 30 mg. protein per ml., and
the eharcoal-trented extract contsined 28 mg. protein

r ml.; the heated extract was prepared from the crude

extract by heating for 10 minutes at 30° C. In Expt. I the enzynie was 0.05 ml. of a eharcoal- and protamine-

23 mg. protein per ml.; the purified coenryme solution was 9.1 X 10 M based on the

luumph:on that the extinction cocflicient in 0.1 M KCN at 367 my is the same as for vitamin Bye.

at 263, 303, 374, and 457 mu.

When a solution of the coenzyme is exposed to

light from a tungsten lamp, the color changes gradually from yellow-orange to red,
and the absorption spectrum is modified to give maxima at 261, 351, 407, 495, and
525 mp (Fig. 2). The latter spectrum is similar to that of vitamin By, and related
compounds.’® The change in the spectrum accompanies inactivation of the co-
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®hzyme (see below). When 0.1 M KCN is added to the cocusyme, the color

hanges to reddish-purple, and the spectrum is characteristic of the dicyanide form®®
the vitamin By, group (Fig. 3).  Further evidence for a structural similarity with
15 group is provided by the demonstration thut the coenzyme contains approxi. =
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Fic. 3.—Abeorption spectra of 1.5 X 107* M vitamin B, gnd 1.8 X 10-% M coenzyme in

0.1 M KCN.

obeerved that exposure of the cbenzyme to light or to mild acid hydrolysis splits off
a colorless compound that contains adenine or a closely related substance.
The connection between the yellow-orange compound (Fig. 1) and coenzyme

e
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Fic. 4.—Proportionality between enzymatic activity and
spectral changes during mactivation of the coenzyme by
visible light. A 1.8 X 107* .M solution of purified coen-
syme in 0.03 M sodium acetate pH 6.3 was exposed at
0° C. to a 100-watt tungsten lamp at a distance of 6-30
em. At intervals during 105 minutes, samples were re-
moved for determining coenzyme activity, and the spec-
trum by means of a Cary spectrophotometer. The indi-
cated wave lengths are expressed in millimicruns.

activity was established in
several ways. Throughout
purification of the coenzyme,
the activity was observed
always to accompany the
yellow-orange color. Quanti-
tative enzymatic assays on
highly purified column peak
fractions showed a close pro-
portionality between activity
and optical density at 263,
303, and 457 mu. Further evi-
dence was provided by an ex-
periment in which the change
in absorption spectrum, on ex-
posure of the coenzyme to light
for various intervals, was
correlated with enzymatic ac-

: . . Tt AR
nzyme by ncid hydrolysis, indicating that it iy
A counspicuous difference between the spectry
sl of the vitamin B;. group and the coensyme ix the relatively higher absorption of the
4 latter in the 263276 ma region. This indicates that the cocnzyme eontains one op
" more additional light-absorbing groups. . In confirmation of this conclusion we hayy

-3

G

656



01%5

<

Voi.. 44, 1958 BIOCHEMISTRY: CATRAVAS AND ANKER 1097

tivity. The decline in activity was found to be directly proportional to the
change in optical density at several different wave lengths (Fig. 4). These obser- .
vations indicate that coenzyme activity and the spectrum belong to the same
compound. Neither vitamin By, nor pseudovitamin By, is active in the enzymatic
reactions, :

We conclude that the coenzyme is a dérivative of pseudovitamin By containing
one or more additional purine moieties, The light-sensitivity cf the coenzyme and
the large shift of the peak in the visible region to longer wave lengths on exposure to
light suggest that a functionally important substituent group is attached both to
cobalt and to some part of the conjugated double-bond system of the porphyrin-like
structure,

The precise role of the coenzyme in the interconversion of glutamate and g-
methylaspartate is not yet known.

* This investigation was supported in part by a research grant (E-563) from the National
Institutes of Health, Public Health Service, and by a research contract with the Atomic Energy
Comumission,
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ON.THE REGULATION OF FATTY ACID BIOSYNTHESIS

N BY LIPOGENIN* .

e + 7 "By G. N. UaTRAVAS ANp H. 8. ANKER ' * o
; ? '::ADEPARTMENT OF BIOCHEMISTRY, UNIVERSITY OF CHICAGO . 5“,' + "5" :P
‘ ‘éjz ' Communicated by Wiltiam Bloom, September 8, 1958 ° _ __" ‘ )

{oer

. - K L
. We have shown! that a substance could be extracted from liver or yeast which, . -

n Ctalytic amounts, markedly increased the rate of fatty acid synthesis in cell.

"® preparations from fusted rats. We now propose the name of “lipogenin” for "
thiy Substance.. The lipogenin used in these experiments was prepared from yeast.
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Isolation and Properties of Crystalline Cobamide Coenzymes
Containing Benzimidazole or 5,6-Dimethylbenzimidazole*

H. A. Barxer, R. D. SmyTH, H. Wesssach,t J. I. ToouEy, J. N. Lapp,} anp B. E. Vorcani§
From the Department of Biochemustry, Unaversity of California, Berkeley, California

(Received for publioatioh, Septemf)er 11, 1959)

The isolation of three cobamide coenzymes has been briefly measurements can be used to determine coenzyme concentration
reported (1,-2). Methods used in the assay and purification of by direct comparison with the activity of a sample of purified
the adenylecobamide coengyme have been described in some de-  coenzyme of known concentration. Without such a standard
tail (3). This paper describes methods used in the isolation of only relative coenzyme concentration can be determined. The
the benzimidazolylcobamide and 5,6—dimethylbenzimidazo}yl— molar activities of the BC? and DBC cocnzymes are approxi-
cobamide coenzymes, both of which have been obtained as mately 5 and 0.1 times as great, respectively, us that of the AC
crystalline products. Some properties of the coenzymes are also coenzyme (sec Table VI). These relative molar activities are

applicable only when activity comparisons are made with data

reported.
e obtained from the linear portion of the rate-coenzyme concen-
EXPERIMENTAL tration curves.
A aterials and Methods E:stim-ation of Coenzyme Concentration—The concentration of
. purified coenzyme preparations, containing only a single colored

Bacteria—Closiridium tetanomorphum strain H1 and Propioni-  component, was estimated by absorbanecy measurcments at 519
bacterium shermanii ATCC 9614 were used as sources of the my or 261 mp for the BC coenzyme and at 522 mpu or 260 my
coenzymes. C. tetanomorphum was grown in a glutamate-glu-  for the DBC coenzyme in 0.01 ¥ potassium phosphate buffer,
cose-yeast extract medium (3), modified by the inclusion of 10* pH 6.7 to 6.8. The corresponding molar extinction coeflicients -
s benzimidazole or its 5,6-dimethyl derivative as required.  are given in Table V.

P. shermanti was grown under anaerobic conditions in a medium
\ containing glucose, cornsteep liquor, cobaltous nitrate, and Isolation of Coenzymes

\ buffer? To avoid excessive acidification of the medium during ! .y .

' fermentation, the culture was stirred continuously and was neu- . The BC and DBC coensymes were isolated by small modifica-

G ’ - . . tions of the methods used to obtain the AC coenzyme (3). The
{ralized at least twice daily to pH 7.6 with 2 N NaOH. Cultures . :
were incubated for 4 to 6 days at 30° before harvesting the cells former coenzymes are slightly less basic than the AC coenzyme
with a Sharples centrifuge. The cell paste was frozen as soon s :‘;“1::‘:::io:zp?;fye:)‘;tidsi;?;nmaﬂg‘;:;‘bﬁegi3“‘;‘2:‘;;’I 20““3
it w he centrif d was stored at —10° ° : " an
it was removed from the centrifuge and was sioret & 7. Also, the BC and DBC cocnzymes, unlike the AC coenzyme,

until used. tallize readily from water or water-acet ixt
Chemical and Physical Methods—Most of the methods used in  Crystallize reactly trom ater or water-acetone mixtures. ‘
All operations were carried out in the dark or in very dim

this investigation have already been reported (3). Additional 4 A
. . . . light. The temperature of solutions was kept at 0-4°, except
> eseribed or referred to in ropriate sections of . '
methods are deseribed or Tefer 8ppropt that phenol extractions were done at room temperature, 15-23°.

the text. . R 1. i
Coenzyme Activity Assay—The activity of cobamide coenzyme C BC Coenzy r;zc——As su}rt.mgﬂrll terial, 3&; :‘% Of fx:gzenlcell? o
preparations was estimated by the spectrophotometric assay, us.;(;lanomorp vum, grown in the presence of benzimiduzole, were

based on the catalytic function of the coenzymes in the enzy- ) .
. : ‘o The first four steps (ethanol extraction, treatment with Dowex
: 3 f glutamate to m ate (3). Activit A ’ "

matic conversion Of FUIATA esacon @ cuvity 50-Na*, treatment with Dowex 2.0H-, and phenol extraction

* This investigation was supported in part by research grants and displacement back into water) were done as previously de-
from the National I.nstitutes of Heal?h (E-56§i), United Sta.tes scribed (3). The resulting aqueous solution contained 59
Public Health Service, and the National Science Foundation amoles of coenzyme in 70 ml. The solution was acidified to

. h i ic & ‘om- ! _ !
gszis;f?' and a research contract with the Atomic Energy Com pH 32 with 7mlof I N HCl and was then diluted to 400 mi to

t Investigator, National Heart Institute, National Institutes of reduce the salt concentration.

Health. . . . The acidified coenzyme solution was passed into a 1 em diam-

So?l:l>f;,?li?:;:?aaddrcss, Division of Soils, C.8.L.R.0;, Adeluide, gter % 80 cm high column of Dowex 50, pH 3, 2% cross linked,
: 200 to 400 mesh, prepared as previously described (3). Alfter

§ Present address, Seripps Institution of Oceanography, Uni- . . e .
versity of California, La Jolla, California. collection of the “pass through’' solution (Fractions 1 to 37} the

1 P shermanii was grown in a commercial laboratory and conse- column was eluted first with 0.03 M sodium acctate, pi a2
quently the exact composition of the medium is not available.

The culture eondilions were generally similur to those deseribed 1 The abbreviations used are: BC, benzimidazolylcobulnide?
by Leviton and Hargrove (4) and by Hinz (5) for the synthesis of DBC, 5,6-dimethylbenzimidazolylcobamide; AC, adenylcobs
vitumin Bz by propionic acid bacteria. mide.
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Fio. 1. lzolation of BC coenzyme on a Dowex 50\V column

(Fractions 38 to 134), and then with 0.03 M sodium acetate, pH
6.2 (Fractions 135 to 240). The volume of each fraction was
sbout 16 ml. ‘The coenzyme eluted in a well isolated and rather
symmetrical 260 mp absorbaney peak located between Fractions
175 and 195 (Fig. 1). The peak fractions were reddish orange in
color.

-Cocnsyme activities of alternate peuk fractions were deter-
mined and their apparent specific activities were calculated.
The results (Table I) show that the fractions containing rela-
tively high concentrations of cobamide had fairly constant ap-
parent specific activitics, indicating that they were relatively
homogeneous with respect to light-absorbing components.

Fractions 178 through 193, containing an estimated 53 pmoles
of BC coenzyme in 284 ml, were combined and the coenzyme
was extracted into phenol and displaced back into water by the
addition of ether-acetone (3). The resulting solution, containing
48 pioles of coenzyme in a volume of 8 ml, was placed in a

e, éw\f;/’ B e
B - Y o

T TN

Is of the BC and DBC coenzymes.
-otals were washed with acetone and ether and photographed in the dry state.

. Fi1a. 2, Crys
; 844° The ey
4 Boenzyrae eryrtallized frem 87.59 acetona at 4°.
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Properties of benzimidazolyl-obamide coenzyme peak fractions from
Dowezx 60, pH 38 column

Fraction Total cobamide® Apparent specific activityt
umoles/mil activily units/pmele
173 0.049 60
175 0.027 390
177 0.061 670
179 0.131 70
181 0.212 920
183 0.298 970
185 0.314 960
187 0.256 980
189 0.138 1000
101 0.062 820
193 0.040 870
195 0.033 800
197 0.032 650
201 0.036 470
205 0.033 270

* Calculated from the absorbancy at 261 myu, assuming a molar
extinetion cocfficient of 34.7 X 10¢ ¢m? per mole,

t Estimated from the spectrophotometric coenzyme activity
assay and the cobamide concentration given in Column 2. The
activity unit represents a change of 1 absorbancy unit per minute
at 240 mp under the conditions of the assay (3).

vacuum desiceator over concentrated sulfuric acid and left at
4°, After 2 days the volume had been reduced to about 4 ml
and the walls and bottom of the container were found to be
incrusted with small rectangular or diamond-shaped crystals
which were either red or yellow in color depending upon the
angle of view (Fig. 24). The solution was left under reduced
pressure for another day during which time it concentrated to
approximately 2.5 ml and additional crystalline material sepa-
rated. The mother liquor was removed and the crystals were

P
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% i . .
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A shows the BC coenzyme obtained by slow evaporation of an aqueous solution

Magnification 340 X. B shows the DBC

The erystals were photographbed in the mothor liquor, Maguification 63 X,
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Tasre Il

‘“ Isolamm of benzimidazolyleobamide coenzyme from
: C. tetanomorphum

Startmg material: 3.86 kg of eell paste,

Step Yohmeat | Seemeyone!
) . ml umoles
* 'y, Ethanol extraction................ 1,200 68.5
-2. Dowex 50-Nat treatment.......... 1,800 72.0
‘8. Dowex 2-OH™ treatment. .. ...... 2,200 75.5
: 4. Phenol extraction............. ... 70 59.4
8. Peak from Dowex 50, plI 3 column. 284 53.0
6. Phenol extraction.......... .. ..., 8 48.4
< 7, Crystallization ... 41

* Estimated by the spectrophotometric eoenzyme assay by
comparison with a purified sample of benzimidazolyleobamide
coenzyme pre\lulhly isolated. The apparent increase in the
amount of coenzyme in Steps 2 and 3 is attributuble to errors in
the cocnzyme assay eaused by interfering substances in the

cruder fractions,

washed with 1 m) of 90 acetone, 1 ml of 1009, acetone, and
finally with scveral milliliters of ethyl ether.  The solid material
was placed in a vacuum desiceator for a few minutes to remove
ether. The resulting product, which contained 11.8%, moisture
removable by prolonged drying under reduced pressure st 4° over
P,0,, weighed 68.7 mg and was estimated to contain 38.2 umoles
of coenzyme. An additional 3 to 4 pmoles of crystalline coen-
gyme were later recovered from the mother liquor of the first
crop of crystals.

Table 1 gives data on the volume of solution and amounts of
coenzyme at each step in the isolation.

DBC Cocnzyme—This coenzyme has been isolated both from
C. telanomorphum grown in the presence of 5,6-dimethylbenzi-
midazole and from proplomc acid bacteria (P. shermanii or P.
Jreudenreichit) grown w ithout addition of dimethylbenzimidazole
to the medium. Since propionic acid bacteria are a richer source
of DBC coenzyme than the clostridium, and the same methods
are applicable to both organisms, only the coenzyme isolation
from P. shermantt will be described.

Four kilograms of moist cells of P. shermanit were used. The
first four steps in the isolation procedure were done as previously
deseribed.  The aqueous solution obtained by phenol extraction
and displacement of the active material back into water con-
tained 440 umoles of coenzyme in 269 ml. The amount of co-
enzyme was determined by activity assay on the assumption
that the DBC coenzyme was the only coenzyme present.

The aqueous solution was diluted to 600 ml and was acidified
to pH 3.0 with 1 x HCl at 0° with continuous stirring. Approxi-
mately 35 ml of acid were required. The solution was then
diluted to 2 liters to reduce the salt concentration to about
0.01 M.

The diluted solution was passed into a 2 ¢m diameter X 80 cm
high column of analytical grade Dowex 50W, pH 3, 2% cross
linked, 200 to 400 mesh. The sample was washed into the
column with a little water and then the column was eluted suc-
cessively with 0.03 u sodium acetate, pH 5.5 (Fractions 80 to
295), and 0.05 M sodium acetate, pH 6.4 (Fractions 296 to 440).
The “pass through’ and eluate were collected in 10-minute frac-
tions with a volurae of approximately 25 ml.  The course of the
elution was followed by absorbancy measurements at 260 my.

C1va

1. 233, No. 9

After the appearance of several minor absorbancy pesks, cop.

taining yellow, orange, or red components but no coenzyme ge.
tivity, the red coenzyme was cluted by the pIl 6.4 buffer i), ,

prominent absorbancy peak between Fractions 336 and 3
(Fig. 3). At least two red compounds, probably hydroxoechals.
min and factor B, remained on the column after elution of (]
coenzyme,

Determinations of visible and ultraviolet absorptmn Bpiteirg
and coenzyme nctivities of peak fractions indicated the majo
component was DBC coenzyme, slightly contaminated in thy
end fractions by small amounts of other cobamide coenzyineg
Fractions 341 to 370, containing 415 umoles of cocnzyme in $49
ml}, were combined and extracted three times with, successiv: cly,
120, 50, and 40 ml of 929, aqueous phenol. Aftcr washing the
combined phenol phase twice with 30 ml of water, the 158
of aqueous phenol containing the coenzyme were diluted with 3
volumes of ethyl ether and 1 volume of acetone and extraeted
twice with 20 ml and twice with 10 ml of water. The combineq
aqueous phase, containing the cocnzyme, was washed twice with
20 ml of ether to remove phenol and was then aerated with N,
to remove dissolved ether.
and coutained 358 pmoles of coenzyme, estimated by its ab.
sorbancy at 522 my, in 69 ml.

The first crystals of DBC coenzyme were obtained by adding
2.1 ml of acetone to 0.3 ml of the above solution, seratching the
walls of the tube, and leaving the solution at 3°. After 3 days
small clusters of erystals were found on the walls of the tul;c,
Crystallization was also induced in another sample by allowing
an aqueous solution of the coenzyme to concentrate slowly under
reduced pressure at 3° for several days.

After several trials with different methods of erystallization,
the following procedure was found to be convenient and effective,

The aqueous solution of the coenzyme was coneentrated, if
necessary, under reduced pressure at 4° over sulfuric acid until
it was 0.005 to 0.01 M.  Any crystals formed by excessive con-
centration were dissolved in a minimum volume of water. To
20 ml of the concentrated aqueous coenzyme solution in a glass-
stoppered flask were added 100 ml (5 volumes) of acetone,
After standing at 4° for 2 to 3 hours the solution was centrifuged
for 10 minutes at 10,000 X g in stainless stecl tubes to remove
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any amorphous precipitate that was present. The clear super-

patant solution was seeded with n microscopic amount of erystal-.

jine DBC coenzyme and was allowed to crystallize over night at
£, Dark red erystals formed on the walls and bottom of the
container (Fig. 2B). Usually one-third to one-half of the co-
enzyme crystallized in this time. Another 40 ml (2 volumes) of
acetone were added and the solution was leit 4 or 5 days to
crystallize. The course of crystallization was followed by meas-
uring the absorbancy of the solution at 522 my. The absorbancy
gradually fell to 0.25, corresponding to & concentration of 3 X
10-% M. With an initial coenzyme concentration of 0.005 M,
this corresponded to the crystallization of about 949 of the
{otsl cobamide. The supernatant solution was decanted and
saved for recovery of a second crop of crystals. The crystals
were washed twice with a few milliliters of cold 909 acetone,
twice with 109, acctone, and twice with ethyl ether. During
{he acetone and ether wash most of the erystals separated from
the glass and after removal of residual ether with a gentle stream
of sir, they were easily transferred to a weighing bottle. The
coenzyme can be readily recrystallized by the same method.
Table T11 summarizes the data on the isolation of the DBC

cocngyme,

With the use of the above crystallization method, 554 mg of

aystalline DBC coenzyme were obtained in the first crop and
an additional 24 mg were obtained in a second crop, once re-
erystallized.  Since the crystals contained 8.2% of moisture
(see below) and since the molecular weight of the dry coenzyme
was estimated to be approximately 1660, the total yield of crys-
talline coensyme corresponded to 320 umoles, or 80 umoles per
kg of starting cell paste. ) '

Properties of Coenzymes

Crystal Form and Color—The BC coenzyme crystallizes readily
from water as small {<0.2 mm long) six-sided prisms with four
rectangular and two diamond-shaped faces or as very small
needles with blunt ends (Fig. 24). The larger crystals are
formed on the glass walls of the container near the surface of
the liquid. Even with slow evaporation of an aqueous solution,
much of the solid that forms is microerystalline. Addition of
85¢% acetone to an aqueous solution of the coenzyme also gives
well formed but very small crystals. No method of recrystalli-
tation has been found that consistently gives the larger perfect
erystals such as are readily obtained with the DBC coenzyme. .

As previously mentioned, the erystals of the BC coenzyme are
conspicuously pleochroic, appearing either yellow or red on the
diamond faces depending on the angle of observation. The
prism faces are always dark red. No detailed crystallographic
sudy has been made of the BC coenzyme.

The DBC coenzyme crystallizes less readily from water but
much more readily from acetone-water solutions than the BC
toenzyme, Two distinct types of DBC coenzyme crystals have
been observed to form in acetone-water. Most commonly the
toenzyme erystallizes in the shape of flattened diamonds that
occur singly or in emall aggregates (Fig. 2B). On a few occa-
tions, however, roscttes of very small, radiating needle-shaped
?}’Btals have been observed. These appear to be more soluble

- than the larger diamond-shaped crystals because on long standing
In contact with the mother liquor, they gradually disappesr and
¢ replaced by the lotter.

Cryetals of the DBC coenzyme differ from those of the BC
enryme by the absence of any readily observable pleochroism.

Barker, Smyth, Weissbach, Toohey, Ladd, and Volcani
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TasrLe 111

Isolation of §,6-dimethylbenzimidazolylcobamide coenzyme -
fram P. shermanii

Starting material: 4.0 kg of cell paste.

v | i
ml pmoles
1. Ethanol extraction.............. 3,000 [not determined
2. Dowex 50-Na* treatment........ 3,450 not determined
3. Dowex 2-OH~ trentment........ 3,940 520
4. Phenol extraction............... 269 440
5. Peak from Dowex 50, pH 3 col-
[T 111 - WA 810 415
6. Phenol extraction............... 69 358
7. Crystallization.................. 321

They are uniformly red in color. Pleochroisni in this compound
is only apparent when the crystals are viewed by polarized light.

A crystallographic study of the DBC coenzyme is reported by
Mattern (7).

Homogeneity of Crystalline Coenzymes—Crystallinity is not
necessarily an indication of purity of a cobamide since some
crystalline preparations of cobamide vitamins have been shown
by ionophoresis to contain more than one component (8). Con-
sequently, further cvidence of the homogeneity of the coenzymes
was sought by the use of paper ionophoresis, paper chromatog-
raphy, and a solubility test.

Paper ionophoresis has been done with Whatman No. 1 paper
with acid, ncutral, and alkaline solvents, The acidic solvent,
consisting of 0.5 M acetic acid, gives the greatest mobility, with
both cocnzymes. When 0.02 pmole of DBC coenzyme is used,
the material moves as a single reddish-orange and ultraviolet-
absorbing spot toward the cathode at a rate of approximately
12.8 cm per hour in a potential gradient of 40 volts per cm.
Under the same conditions the BC coenzyme moves a little
faster, 13.8 cm per hour. No evidence of a second component
could be observed with either coenzyme under any of the condi-
tions tested.

Paper chromatography of the BC and DBC coenzymes on
Whatman No. 1 filter paper by the descending method, with a
sec-butanol-glacial acetic acid-water (100:3:50 by volume) sol-
vent for 20 hours at room temperature, showed the presence of
only one visibly colored or ultraviolet-absorbing spot in each
preparation. The Ry values were 0.16 and 0.22, respectively, for
the BC and DBC coenzymes. By comparison on the same
chromatogram, the Ry values of eyanocobalamin and the AC
coenzyme were 0.34 and 0.03, respectively.

The solubility test for purity consisted of adding successive
amounts of crystalline DBC coenzyme to water until the total
quantity exceeded the solubility of the coenzyme by about 60%.

After each addition, the solution was shaken until equilibrium .

was reached and the absorbancy of the solution at 260 mu was
determined. Fig. 4 shows that no significant increase in absorb-
ancy occurred after the solution became saturated with coen-
zyme. This indicates that the crystalline DBC coenzyme con-
tains less than 2% of ultraviolet light-absorbing impurities.
Stability—The dry crystalline coenzymes are moderately sta-
ble. No changes in spectrum or activity have been detected in
samples stored several months at —10° or several days at room
temperature, Solutions of the coenzymes appear {0 be most

P
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Fic. 4. Solubility test of homogeneity of the DBC coenzyme.
Progressively larger amounts of crystaliine DBC coenzyme were
added to 1 ml of water at 24° =+ 0.5°. After stirring the solution
for 15 minutes and centrifuging down any remaining solid ma-
terial, aliquots of 5 ul were diluted to 1.00 m! in 0.01 M KPO, buffer,
pH 6.8, and the concentration of the original solution ealculated
from the absorbancy of the diluted sample at 260 ma.

stable at pH 6 to 7. Neither coengyme is appreciably inacti-
vated by hesting for 20 minutes at 100° in a 0.01 u sodium
acetate bufier, pH 6.0, or by storage in dilute neutral solution for
several months at —10°  As previously noted, the BC and DBC
coensymes are more stable under acid conditions than the AC
coenzyme (2). Nevertheless, heating in 0.07 x HCl at 85°
causes slow inactivation; in one experiment the BC coenzyme
ost 8¢5 of its activity during 5 minutes under these conditions,

7’
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TasLe IV
Solubility of denzimidazolylcobamide and
§,6-gimethylbenzimidazolyleobamide

coenrzynics
Finely powdered crystalline coenzyme was allowed fo remain iy
contact with the indicated solvents, with occasional shaking, uyt;)
the absorbancy of the supernatant solution became consia;y
This required 1 to 2 hours at rcom temperature and 1 to severg)
days in the refrigerator. Coenzyme concentration was ealculatng
from absorbancy readings at 519 mu and 522 my for the BC apq
DBC coenzymes, respectively. The temperature indicated iy
brackets is that when the last two samples were taken for a).
sorbancy readings. It is accurate to £=1°. The concentration of
the scetone-water solutions is expressed in volumes G5 of acrtong,

——

l Acetone-water
Coenzyme Water ! ——
‘ 83.3% 87.5:
pmoles/ml ! pmole/ml nrole/ml
BC 1.23 (229 | 0.077 (19) 0.015 (19
0.50 1°) | )
DRBC 16.4 (24°) | 0.052 (1°) 0.0083 (1°)
6.4 (1°) : .

The great instability of solutions of the BC and DBC coen.
symes under exposure to light or cyanide ion has already been
reported (2). Either treatment causes a loss of activity and s
dramatic change in the adsorption spectrum. The rates of
decomposition increase with light intensity or cyanide ion con-
centration. These effects will be discussed more fully in a sub-
sequent paper. .

Solubility—The coensymes show a solubility pattern similar
to that of cyanocobalamin. They are rather soluble in water,
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Fio. 5. Absorption spectra of 2.80 X 10-¢ M BC coenzyme and 2.10 X 10~* M DMBC (DBC) coenzyme in 0.01 ¥ potassium phosphate

bufier, pH 6.8,
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cthanol, and phenol, but insoluble in acetone, ether, dichlorethyl-
cne, dioxane, and other relatively nonpolar solvents.

Data on the solubility of the coenzymies in water and acetone-
water solutions are given in Table 1V. Noteworthy is the rather
driking difference between the solubility of the two coenzymes
in water at room temperature. The relative ease with which
the BC coenzyme can be erystallized from water is a reflection
of its Jower solubility in this solvent.

Absorption Spectra—Fig. 5 shows absorption spectra of solu-
tions of crystalline BC and DBC coenzymes. The compounds
have very similar epectra. The most distinctive differcnce be-
twoen the two spectra is the position of the rather inconspicuous
inflection on the side of the main absorbancy peak. With the
BC coenzyme, this inflection comes at 280 my, whereas with the
DBC coenzyme it is located at 288 my. There are also some
other emall differences between the two spectra. The BC co-
enzyme has maxima at 261 and 519 mp whereas the correspond-
ing maxima of the DBC coenzyme are at 260 and 522 mpy.
The BC coenzyme also has an inconspicuous maximum at about
305 mp wlich is lacking in the other compound. Both of these
coenzymes differ from the AC coenzyme by their much redder
eolor in neutral solution, by the position of the broad maximum
in the visible region close to 520 mp rather than at 458 my,
and by other features.

Molar Ertinction Coefficients—Treatment of any one of the
cobamide coenzymes with 0.1 M KCN for 60 minutes at 25° causes
the formation of a product with an absorption spectrum above
350 mp characteristic of the dicyanocobamides (1, 2). By mak-
ing the assumption (sec below) that the molar extinction coefh-
dient of the 367 mpu peak of the product formed in this way from
s cobamide coenzyme is the same as that of cyanocobalamin in
the prescnee of 0.1 s KCN, namely 30.4 X 10-* cm? per mole,
the molar concentration of & coenzyme solution can be calculated.
Knowing the concentration, the molar extinction coeflicients of

the cocnzyme at various wave lengths can be cstimated from its

absorptinn spectrum in the absence of cyanide.

Table V gives the millimolar extinction coefficients of the BC,
DBC, and AC cocnzymes in neutral solution and in 0.1 » KCN,
estimated by the above method. A compasison of the extine-
ticn coefficients of the three coenzymes in the presence of cya-
nide at 350, 367, 540, and 579 my, demonstrates that their spectra
are very similar if not identical in this region. Cyanocobalamin
in the presence of 0.1 M KCN also has tlie same spectrum above
350 mu. The virtual identity of the spectra of all these com-
pounds appears to be a consequence of the fact that excess cya-
nide ion displaces the purine or benzimidazole moieties from the
tohalto-corrin to form its dicyano derivative. This structure is
evidently entirely responsible for the spectrum above 350 mu.
The nucleotide bases absorb light of shorter wave lengths and
only influence the spectrum above 350 myu when they are able to
form a coordinate linkage with the cobalt. Under these cir-
cumstances, the assumption that the molar extinction coefficients
of the cobamide coenzymes are the same as that of eyanocobala-
Min at 867 my in 0.1 M KCN appears to be justified. Further
evidence for the approximate correctness of this assumption is
Provided by analytical data on the phosphate and cobalt contents
o the cornzymes (sec below),

Assuming the molar extinction coefficients given in Table V to

be correct, the molecular weight of a coenzymo can be determined
‘?.V Mmeusuring the absorbancy of a solution contuining a known
weight of the dry erystalline compound. Samples of the DBC

Barker, Smyth, Weissbach, Toohey, Ladd, and Volcani
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TaeLe V

Millimolar extinction coefficients of cobamide coenzymes in presence
and absence of cyanide

The BC and DBC coenzymes used for these determinations
were the best erystalline preparations; the AC coenzyme was a
highly purified nonerystalline preparation. All values are based
on EVP M 4t 367 my of 30.4 X 10% em? per mole for the dieyanide
derivative. The spectra of the coenzymes in 0.1 M KCN were
taken after the reaction with cyvanide was complete, as indicated
by maximal formation of the peaks at 367, 540, and 579 mp.

Eg‘goull“ X 10% cm? per mole

Y BC coenzyme DBC coenzyme AC coenzyme

0.1 w KCN
pH ~10

0.1 w KCN 0.01 s KPOu

0.01 M KPOs 0.1 ¥ KCN [0.01 M KPO«
pH 6.7 pH ~10 pH 6.7 6.7

pH ~10 pH

25.2
26.2

34.7
45.3
22.7

18.1
12.8 21.6
9.656 10.6

13.2

12.3 12.3

gx
LR

367
375
458
519
522
540
579

10.2 10.9

7.65
8.0

8.5
10.0

8.5
10.0

—
S
-

coenzyme were dried for 2 hours in a vacuum over silica gel at
56.5, 78.5, and 100°. The percentage weight loss was the same
within experimental error at all three temperatures, the average
being 8.2%. Solutions of the dried samples showed the same
spectrum and the same specific aetivity in the coenzyme assay
as the undried coenzyme. The molecular weight calculated from
absorbancy measurements at six wave lengths on the three
coenzyme samples dried at different temperatures was found to
be 1660 = 20.

The molecular weight of the BC coenzyme was estimated by
the same method, with a sample of crystalline coenzyme dried to
constant weight during 6 weeks in a vacuum over P,0, at 4°,
to be 1,610 o 20.

Elementary Analysis—Cobalt was identified in both the BC
and DBC coenzymes by means of an x-ray fluorescence spectrom-
cter (3). Quantitative cobalt estimations by the pitrosocresol
method (9), after wet digestion with a mixture of nitrie, per-
chloric, and sulfuric acids (10), gave values of 0.93 and 0.95 atom
of cobalt per mole of BC and DBC coensyme, respectively,
estimated spectrophotometrically.

Total phosphate determinations by the method of Fiske and
RybbaRow (11) after digestion with nitric and sulfuric acids and

.ﬁ vy {"n
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- - hydrogen peroxide showed the presence of 0.97 and 0.98 atom
- of phosphorus per mole of BC and DBC coenzyme, respectively,

estimated spectrophotometrically.

No sulfur could be detected in 1.1 umoles of DBC coenzyme by
the nitroprusside test (6) after sodium fusion. Under identical
conditions 0.3 pmole of thiamine gave a strong positive test for
sulfur.

Elementary analysis by a commereial laboratory of a sam ple of
erystalline DBC coenzyme dried in & vacuum for 2 hours at
56.5° gave the following results: C 53.59%, H 6.9%, N 14.9%.
On the basis of the above analytical data and the assumption
(sce below) that the DBC cocnzyme contains 18 atoms of nifro-
gen, its empirical formula can be ealculated to be approximately
CyI110aNy;PCo.  This formula gives a molecular weight of
1701 which is 2.6% higher than the molecular weight of 1,660
calculated from dry weight determinations and the molar ex-
tinction coefficients given in Table V. If we assume the lower
value is more nearly correct, we must reduce the number of
oxygen atoms in the empirical formula by one or two and pos-
sibly also reduce the number of ¢ and H atoms. On this basis
the formula Cr.1sHis-n:Oe-NasPCo appears to cover the range
of possibilities. The corresponding minimal and maximal mo-
Jecular weights arc 1636 and 1683, respectively.

No C, H, and N analyses have been done on the BC cocnzyme.

Components—No cyanide could be detected in cither coenzyme
by the method of Boxer and Rickards (12).

Adenine was identified and estimated semiquantitatively after
acid Liydrolysis of the BC coenzyme in the following manner.

A sample containing 0.11 gmole of the coenzyme was hydro-
lyzed for 60 minutes in 1 N HCI at 100°. After cooling, the
solution was concentrated to dryness and the residue was dis-
solved in a little 6055 (volume per volume) ethanol, The ethanol
extract was divided into two portions to one of which was added
some adenine as an internal control.  Both solutions and separate
adenine, adenosine, and adenylic acid standards were chromato-
graphed on Whatman No. 1 paper by the ascending method with
a solvent containing 509 (volume per volume) ethanol and 50%
aqueous 0.5 M sodium acetate, pH 7.2, When the paper was
examined by ultraviolet light, a quenching spot appeared in the
hydrolyzed sample at Re 0.63 that did not separate from the
added adenine, but readily separated from adenylic acid (Re
0.56) and adenosine (Rp 0.70).  The quenching spots at Rr0.63
were eluted and their absorption spectra determined. The
unknown showed a typical adenine spectrum in neutral solution
with an absorbuney maximum at 260 mpu which shifted to 267
mp on addition of alkali. From the absorbancy at 260 mu in
peutral solution, corrected for a suitable paper blank and for a
609 recovery of an adenine standard, the yield of adenine was
estimated to be 1.0 £ 0.2 gmole per pmole of BC coenzyme
hydrolyzed.

The presence of adenine in an acid hydrolysate of the DBC
coenzyme was cstablished by similar methods. In this case, &
colorless compound with an absorbancy maximum at 260 mp
was separated from the other products of acid hydrolysis by

means of a Dowex 50W, pH 3 column. The compound eluted.

with 0.03 M sodium acetate, pH 6, in a well defined peak which
was only slightly contaminated by a faster moving red compound.
The elution rate of the colorless compound was like that of
adenine. The hydrolysis product was further identified as
adenine by its sbsorplion specirum in neutral and atkaline solu-
tion and by its Ry in paper chromatography. The yield of

01
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adenine, calculated from the absorbancy at 260 mpu of the clu.
tion peak fractions, was 0.92 mole per mole of DBC coenzyme,

Benzimidazole was shown to be a eompounent of the BC co.
enzyme and 5,6-dimethylbenzimidazole of the DBC ¢oenzyme,
These compounds were separated from the corresponding co-
enzymes by acid hydrolysis, alkalinization of the hydrolysate,
and extraction of the heterocyclic base with chloroform. After
removal of the organic solvent, the base was identificd by its
absorption epectrum, its fluorescence spectrum, and by paper
chromatography.

The experimental details of the identification of benzimidazole
in the BC coenzyme are as follows:

A sample containing 0.17 pmole of BC cocnzyme was dissolved
in 0.6 ml of 6 N YICI and heated in an evacuated and sealed tube
for 18 hours at 150°. The solution was transferred to a 10-m]
beaker and dried under a stream of warm air. A little water
was added and the solution was again evaporated to dryness to
remove excess HCl.  The residue was dissolved in I ml of water,
alkalinized with 0.01 ml of 10 N KOH, and shaken with 12 ml of
chloroform. The organic phase was transferred to a small
beaker and the chiloroform was removed by a stream of warm air.
The residue was dissolved in a little ethanol, and an aliquot was
used for ascending paper chromatography. A blue fluorescent
spot corresponding to benzimidazole was observed at Rp 0.78,
with sec-butanol-acetic acid-water, 100:3:50 by volume, as the
developing solvent, and at Ry 0.72 with 0.1 ¥ acetic acid as s
solvent. Another aliquot was evaporated to dryness, dissolved
in 0.1 N acetic acid, and its ultraviolet absorption spectrum de-
termined. The spectrum was identical with that of benzimida-
zole with characteristic absorption maxima at 239, 260, 266, and
273 my, and a sharp minimum at 270 mu. The fluorescence of
the hydrolysis product was compared with that of benzimidazole

" with an Aminco speetrophotofluorometer.  Both samples showed

a strong fluorescence in 0.1 N acetic acid that was maximally
activated by light at 272 mp and was most intense at 365 inp.
The fluorescence of both samples was quenched by addition of
0.1 x HCL

The yield of benzimidazole, determined from the absorbancy
at 273 mp and the corresponding molar extinction coefficient of
8100 cm? per mole, was 0.80 mole per mole of coenzyme.

In the quantitative determination of benzimidazole or di-
methylbenzimidazole, a standard of the appropriate benzi-
midazole and a reagent Llank were carried through the entire
extraction and estimation procedure and used to determine
appropriate corrections for the unknown sample. It was also
determined that benzimidazoles are not appreciably decomposed
under the conditions of acid hydrolysis employed.

5,6-Dimethylbenzimidazole was identified as a product of acid
hydrolysis of the DBC coenzyme by the same methads. The
Ry of 5,6-dimecthylbenzimidazole and the unknown was found
to be 0.82 in sec-butanol-acetic acid-water and 0.60 in 0.1 N
acctic acid. The spectra of both samples had absorption maxima
at 245, 273, and 283 and a sharp minimum at 280 mgu. The
fluorescence of both samples was maximally activated by light
at 285 mu and was most intense at 380 mp.

The yield of 5,6-dimethylbenzimidazole formed by acid hy-
drolysis of the DBC coenzyme, calculuted from its absorbancy
in 0.01 ¥ HCL at 283 my and the corresponding molar extinction
coefficient of 8,100 em? per mole, was 0.73 mole. per mole of
cocnzyme,

Relative Coenzyme Activities— Activities of the cobamide co-
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‘nzymes in catalyzing the conversion of glutamate to 8-methyl-
apartate can be compared cither at low or at high coenzyme
concentrations. A comparison at low concentrations, where the
reaction tate is proportional to concentration, shows that the
activity per mole is highest for the BC coenzyme, intermediate
for the AC coenzyme, and lowest for the DBC coenzyme (Table
VD). This difference in molar activitics could be the result of
difierences cither in the affinities (K, values) of the coenzymes for
the cnzyme system or in their. potential maximum activitics
(Veas values). Determination of the apparent K, values in this
multienzyme system shows that the relative molar activities are
largely & reflection of differences in the Ko, values (Table VI).
The product K. X molar activity (Column 4) is almost a constant
for the three coensymes, indicating that the molar activities are
inversely proportional to the affinities. The maximal activities
of the three coenzymes are very similar (Column §).

Growtl. Faclor Activity—-Activity was measured in the E. coli
Bj-requiring mutant and Ochromonas malhamensis lests as pre-
vicusly described (3). In the E. coli test, both the DBC and BC
cocnzymes showed 100 & 20% of the activity of cyanocobala-
min, on & molar basis. In the Ochromonas test, the DBC co-
enzyme showed 90 = 20% and the BC coenzyme showed 45 +
109, of the activity of cyanocobalamin on a molar basis. The
. value obtained with the BC coenzyme is similar to that reported
for the benzimidazole analogue of cyanocobalamin (13).

DISCUSSION

The methods described for the isolation of the coenzymes are
ather cffective since they result in an over-all purification from
00-fold with the DBC coenzyme to 8,000-fold with the BC
coenzyme, and an over-all yield of crystulline products ranging
from 54 to 629 of the extracted coenzymes. It is worth noting
that the selected coensyme peak fractions from the Dowex 50W,
pH.3 column contain essentially pure coenzyme, since the specific
setivity of the coenzyme in these fractions is virtually the same
88 that of the final erystalline product. Consequently for some
purposes the second phenol extraction and crystallization steps
ATe unnecessary.

The DBC coenzyme content of P. shermanit (130 pmoles per
kg of wet cells) is approximately 6.5 times greater than the DBC
or BC coenzyme content of C. tetanomorphum (20 pmoles per
kg). However, since the molar activity of the BC coenzyme in
the C. tetanomorplum assay is about 73 times that of the DBC
cocnzyme, the total cobamide coenzyme activity per kg is about
11 times greater in C. fetanomorphum cells grown in the presence
of benzimidazole than in P. shernanii cells. The latter are
grown without addition of 5,6-dimethylbenzimidazole to the
medium since the organism synthesizes this compound in ade-
quate amounts.

The once recrystallized DBC cocnzyme, carefully protected
from light, appears to be at least 98% pure, This estimate is

sed upon the results of the sclubility test for homogencity and
on the failure to detect colored impuritics separable by paper
lonophoresis or chromatography. The purity of the crystalline
BC coenzyme has not been determined as carefully, but the
failure to detect color impurities by ionophoresis or chromatog-
raphy incicates that the coenzyme is at least 959, pure.

The enalytical duta demonstrate the presenceof approximately
_ e mole cach of cobalt, phosphorus, and cither benszimidazole

or 5,6-dimethylbenzimidazole per mole of coenzyme. These
tesults clearly establish a chemical relation of these compounds
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TasLe VI
Affinities and rclative aclivities of cobamide coenzymes

Apparent K, values were eatimated from a plot of S/V against
8 where V is the rate of absorbancy change and 8 is the coenzyme
concentration. The experimental conditions were those used in
the spectrophotometric coenzyme activity assay (3). The micro-
molar activity was obtained by dividing the observed activities at
low (20.4 K,,) coenzyme concentration by the number of micro-
moles of coenzyme per ml, determined fromn the absorbaney (A)
at a suitable wave length, Typical and directly comparable ab-
solute values are given in Column 8. The Vmax values were caleu-
lated from the rates of absorbancy change under the conditions
of the coenzyme activity assay, except that each coenzyme was
used at a concentration 3.1 times its K,, value, and from the rela-
tion Vax = ‘7([(2914,‘][1&_,.-}‘}

[CoEl/Ka

BC and DBC coenzymes were used; the AC coenzyme was &
highly purified nonerystalline preparation.

). Crystalline preparations of

b
Coenzyme I((a,,). Micromol(az activity (a) X &) Vinax
- o AA/min.fumole X 1074 AA/min.
BC 2.4 X 1077 800 1.9 0.24
AC 1.4 X 10°% 160 2.2 0.21
DBC 1.8 X 10°* 11 2.0 0.17

with cyanocobalamin and its benzimidazole analogue, a relation
previously indicated by a study of the absorption spectra of
products formed by the action of light or cyanide ion on the
coenzgymes (2). The main differences in composition so far ob-
served between the BC and DBC coenzymes and the correspond-
ing vitamins are the absence of cyanide and the presence of an
adenine moiety in the coenzymes. The AC coenzyme and pseu-
dovitamin By, differ in the same ways (3). The extra adenine
moiety appears to be an essential structural feature of the coba-
mide cocnzymes. ‘

Various types of evidence that will be presented in a later paper

" ghow that hydroxocobalamin can be formed from the DBC coen-

zyme. If we tentatively accept this as a fact, then the coenzyme
must contain the hydroxocobalamin structure with a molecular
weight of about 1355, and an adenine moiety with a molecular
weight of about 135. If these were the only components, the
molecular weight of the coenzyme would be close to 1490. The
experimentally determined molecular weight, ealeulated from
the dry weight of the erystalline DBC cocnzyme and either its
phosphorus content or its estimated molar extinction coeflicient,
is approximately 1660. This leaves roughly 170 g not accounted
for by the known components and indicates that the coenzyme
contains an additional compound. This compound cannot con-
tain cobalt or phosphorus since these are alrcady accounted for
by the hydroxecobalamin structure. The unknown compound
also probably does not contain nitrogen, since the 18 nitrogen
atoms present in hydroxocobalamin and adenine satisfactorily
aceount for the elementary analysis and a molecular weight
between 1640 and 1700. Consequently it probably contains
only carbon, hydrogen, and oxygen. The determined empirical
formula of the DBC coenzyme, CuaHips.118019-:0N1sPCo, in fact
has 5 to 8 carbon atoms, 19 to 22 hydrogen atoms, and 5 to 6
oxygen atoms in excess of those contributed by the known com-
ponents.  Some of the hydrogen and oxygen may be present
as water of hydration not removed by drying at 100°, but all of

B ¥
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. the carbon and much of the hydrogen and oxygen must be present
_ in the unidentified moiety.

All three of the cobamide coenzymes so far described are
equally active in catalyzing the conversion of glutamate to G-
methylaspartate, when tested at saturating cocnzyme concen-
trations.. However, the coenzymes differ greatly in their affini-
ties for the cnzyme system; the BC coenzyme has by far the
highest and :he DBC coenzyme the lowest affinity, Theso
differences determine the minimum concentration at which the

" coensymes can be detected by the enzymatic assay. Yor ex-
ample, the BC coenzyme can be estimated at a level of 10-*
pmole per ml of the assay mixture, whereas approximately 10~
gmole of DBC coenzyine is required.  The AC coenzyme and
geveral other homologous cocnzymws that have been recently

isolated are intermediate between these two cocnzynies in aflinity

for the enzyme system.
The identity of the Vimex values of the AC, BC, and DBC

coenzymes clearly indicates that the 6-membered rings of the
nucleotide adenine and benzimidazoles and their substituent
groups are not directly involved in the catalytic activity of the
cocnzymes.

The activities of the DBC and BC coenzymes as growth
factors for the E. coli mutant and for Ochromonas malhamensis
are approximately the same as those of the corresponding vita-
mins. This could mean either that the vitamins are converted
quantitatively to the cocnzymes by these organisms or vice
versa. Further experiments are necded to elucidate this point.

SUMMARY

Methods for isolation of benzimidazolylcobamide and 5,6-
dimethylbenzimidazolylcobamide cocnzymes, active in catalyzing
the interconversion of glutamate and B-methylaspartate, have
been described. The crystalline benzimidazolylcobamide coen-
gyme was obtained from Clostridium tetanomorphum in a yield of
10.6 umoles per kg of moist cells, the crystalline 5,6-dimethyl-
benzimidazolyleobamide coenzyme from Propiontbacterium sher-
manii in a yield of 80 umoles per kg. The coenzymes contain
approximately one mole each of cobalt, phosphorus, and hetero-
eyclic base, either bengimidazole in the benzimidazolylcobamide
coengyme or 5,6-dimethylbenzimidazole in the 5,6-dimethyl-

Crystalline Cobamide Coenzymes
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benzimidazolylcobamide cocnzyme. In addition, both coep.
symes contain one mole of adenine which is not present in th,
corresponding cobamide vitamins. The coenzymes differ mark.
edly in their affinities for the enzyme system, but have the
same maximal activities. Several physical, chemical, and bi.
logical properties of the coenzymes are deseribed.

Acknouledgments—The authors arc greatly indebted to Dy
David Perlman and his associates of the Squibb Institute for'
Medical Resecarch for providing an ample supply of P. shermani;
cells, to Dr. Kar! Folkers and Dr. H. B. Woodruff of the Merck
Sharp and Dohime Research Laboratories for a sample of 5,(;_'
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Cyanocobalamin (Vitamin B,,)’

A Study of the Stability of Cyanocobalamin and Ascorbic Acid in
Liquid Formulations

By ANDREW BARTILUCCIt and NOEL E. FOSS}

The effect of pH on the stability of solutions of cyanocobalamin and ascorbic acid,

alone, and in combinations, is re orted. The effect of a contaminant com lexin [
’ 4
agent at one concentration on agueous solutions of these vitamins is also reported,
B 01 lon on aq ‘ these vitd ! rep
The stability of these vitamins, alone, and in combination, in various mixtures of
propylene glycol, Sorbo, syrup, glycerin, glucose, and distilled water has been
determined. The analytical methods employed for. following the stability of cyano-
¢ ar] P g1 y of ¢y
cobalamin include the U. S, P. method and the chemical method.
YWwrE 18 A DEARTH of literature concerning stored in cardboard boxes at refrigerated (5%,
: .- . . - N . devate HI%) ¢ D5-30° . or s g
“he stability of vitamin B (1-5). The in- elevated (411°), and room (23-30%) temperatures.
din i binati { this vitamin with ¢ The Effect of pH. A scries of solutions was pre-
‘“” t.‘c com )}"‘l ;l(m o “.‘5 vitanmn Wi ]_‘L' pured using 1 M sodium phosphate and 0.5 M citric
ieacid (6-8) justified a basic study of the n- acid buffer stock  solutivns (13). Solutions of
natibility of cyanocobalamin with ascorbic  ascorbie acid and cyanocobalamin were prepared
1), Preliminary investigations are reported at slc-'\l"crulf{;ll lvv(-l.ls ‘bct\vml-n 22 au]d 7‘().] Mu.\[imum
. stability for ascorbic acid was achieved at 16.
ating the effect of pI, the eflect of a trace- Ly = : p1 6.3,
; 5 which is in agreement with previous reports (14-16).
mm’”a“t complexing agent, and the effect of  {rypder the test conditions employed; which included
s vehicles on the stability of cyanocobala-  protection from  strong light, only the cyanoco-
and ascorbic acid, scparately and in com-  balamm sample at pH 2.2 showed. a loss (5%%)
tion after eight months at 40°.  Maximum stability of
a sample containing both ascorbic aeid and cyino-
N cobalamin was exhibited at pH 6.3. This finding
PERIMENTAL . : . L
EXPERI is contrary to those reported for vitamin Bio and
. N . PP D]
Peanalytical procedures used for the determinu- ascorbic acid (2). . . )
o cyanocobalamin included both the chemical The Effect of a Complexing Age‘}t""'rf‘"““’d"“"
fd (9-11) and the U. § P. method (12). cthylenediaminetetrancetate! (NaEDTA) was used
hic acid was determined by titration in a o
Jacid solution with 0.1 A iodine using starch TanLk L--COMPOSITION OF VeHIcLES USED ASs
P a5 the indicator. Generally, determinutions SQLYENTS FOR CYANOCUBALAMING AND ASCORBIC
b discontinued after about 50% decomposifio o Acip
ke A N W T - . T I TSI
‘iken place. X i Y [ . < — e —Percentage by Volume-————=~
% eyanocobalamin used in this' laboratory was v I'):‘m o
N . el . . : ro- is-  Syrup
:f'orm of 2 0.1% tn‘tum.tlou \ugh tlmppltol L pyle)ne Glye- Gt G oy Glu-
“Gilyent. The ascorbic acid used in the study Vehicle  Clyeol erin  Water P.° Sorbo?  cose
HU. 8. P. quality in a fine crystalline form, A 100 .. e e e e
Yater used as a solvent wus distilled water B 75 25 . .
filled from an all-glass still, unless otherwise C a0 50 =
. The other solvents, reagents, and salts II? ’_8 e :(;
f official quality, unless otherwise identified. » ‘:_) 2 5
dhers, pipets, and all glassware used were G '-;” :,;,
ighly washed, rinsed several tintes with glass- H 75 25
.""l water, and air-dricd hefore usc. i 100
*sumples contained 10 % 2 pg./cc. of cyaito- J . 75 25
itsin and/or 50 &+ & mg./ce. of ascorbic acid. K 25 .. 75
fundredths per cent of propylparaben. wis L 25 ... 5 .
4l in all formulations as the preservative. ‘}é 25 2’,(.)) 0
fitered (glass wool) solutions werc subdivided 0 50 30 o
Ne-oynce flint glass, screw-capped bottles and P 50 =
= Q . 50 )
h‘“i"cd August 18, 1952, from the Department of R 75 e 25
%y, L}Jgiversity of Maryland School of Phurmaey, ) . .. 75 . a¢
€, ) . P - ox
:t"ttd to the Scientific Section, A. Pu. A, Philadetphia 1 st e s 5 “
‘zl“ August, 1852, ) i JE e T -
w“w of the American Foundatios for Pharmaceuticil w Syrup U, S, P. was prepared by the cald methxl
hmu, 1950--52. Present address: St. John's University b Gorho is w TN, aqueous solution of d-sorbitol com
Ebf Pharmacy, Brovklyn, N. Y. mercially available from the Atlas Powder Company.
t authors would like to express their apprecintion
g 3 T, Major, Scientific Director and Vice-President, .
¥ (0., Inc., for the gesernus supply of cyanocabala- . .
LWF are also indebted to Drs. G.. E. Boxer and W. C 1 'l‘_etm\u(hum ethylencdiaminctetraacetate was graciutsly
hh'\mer tor helpful suggestions,on the chemical method supplicd by tue Bersworth Chentical Co. under the trade
Ysis employed. name, Versene.
59
- 7
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LR
Taptk 1.~ Errsct oF TEMPERATURE ON STARILITY of SoLuTIONS CONTAINING 50 %= & MILLIGR
Ascornic Acio PER Cunrc CENTIMETER Ay
. - S e - -Percenta
Vehicle ©C.9 w80 60 90 1 -
A 5 o 100 100 100 . 100 100 .. h
RT 100 100 100 8.0 i, 72.0  59.0 Ly
40 100 07.7 093.9 0.6 61.8 36.2 i
R 5 o 100 100 100 o 100 100 o 1”
RT . 100 100 100 o 09.2 91.3 sg.g
40 100 96.5 02.5 2.0 90.6 . . . L
C 5 S 100 100 100 o 100 100 . ¢
RT L 098.0 AN a8.0 a96.0 02.0 93.2 ;‘
40 100 949.8 100 88.8 86.7 . e
D 5 L 100 100 100 100 . . 100 &
RT .. 95.8 07.9 Os.0 . 91.3 90.8 89.0
40 98.0 91.0 91.3 91.3 00.8 83.8 84.3 84.0 N
E 5 - 100 100 100 100 L. .. 100
RrRT N 100 5.3 - 07.3 a1.5 93.1 90.0
40 100 03.8 01.8 86.3 72.5 59.2 . I
F D Gelled
RT 02,3 2.3 90.9 a1.8 89.1 N
40 100 100 a1.5 Q0. 86.3 R '
4 H] CGeelled oL,
RT 02.7 a91.8 90.9 82.1 79.8 .
40 97.3 92.5 090.5 88.0 76.8 72.5 71.0
H H o o 100 100 . 100 Ppt.b )
RT . 100 99.2 95.7 96.0 94.0 90.2
410 100 a0.8 . 88.8 8G.5H 83.0 #3.8 79.5
7 ) 100 100
RT .. 100 100 100 100 a2.7 91.8 01.5
40 100 87.0 C 76.8 71.8 64.8 55.8 52.3 B
J 5 98.0 98.0 98.0 98.0 98.0. 98.0 98.0
RT 95.5 92.5 85.5 85.5
40 97.5 87.3 81.3 78.8 76.0 G8.0 64.0 61.0 :
K 5 100 100 100
RT 90.d 87.5 90.7 88.0 87.5° 86.3 85.7
40 97.5 91.3 92.3 89.3 86.5 80.8 78.8 74.3
L 5 . 100 100 100 e 100 - . i
RT 95.5 95.4 94.2 93.0 91.0
40 100 a3.5 82.9 76.6 . 67.0 62.1 54.4 H
Af 5 - 100 100 .. A 100 - . Is
RT - 100 it 89.2 89.2 76.9 -
40 97.3 02.0 85.0 81.2 - 75.3 59.2 u
N. a 100 u
RT R 100 ~ 100 94.5 90.2 85.9 R0.2 73.9 )
40 ° 100 93.0 R6.7 79.0 74.0 73.0 59.5 .
0 B .. 100 100 o . 100 100 "
RT a8.2 98. 4 . 97 8 95.3 92.1 ¥
40 97 .8 97.8 92.7 91.1 [y
r 5 100 100 100
RT . 94.3 04.3 R3.0 82.0 80.0 73.2 71.1
40 100 R7.0 73.8 61.3 49.0 37.8
Q h s 100 100 S 100 100 98.0 98.0 [
RT 91.6 .. KO 1 72.3 64.3
44} 8O0 R7.5H R1.5 8.2 73.3 68.7 58.2 52.5
R i 100 o 100 (3
RT 100 . 08.9 a8.0 07.4 070 95.1 .
40 903 8.5 0.3 87.5 83.7 86.7 .83.6 84.5
S ) 978 98.5H a7.1 5.4 ]
RT 06.5 92,0 821 TH.8 60.3 54.1 L. ;
10 6.3 828 G7.0 52.6 32.5 . :
T A 100) 100 100 100 100 S o . [0t
RT o 05.1 o o0t 81,0 80.3 70.0 51.2
4 a6 () 01.0 88.5 74,0 65.3 47.5
e RYT = Room temperature (25-30°), b Ppt. -—Precipitation occurred.

at a concentration of 0.05% (17).  The complexing
agent was effective in stabilizing a solution of
ascorbic acid prepuared with water distilled from a
metal still (18).

Two aqueous solutions of cyanocobalumin were
prepared containing NaliDTA, One solution was
made acid (pH ca. H) with 1.V sulfuric acid. The
unnewtralized solution had o pIL of 1030 There

wus about 50C% decomposition of the cyanod
min in the unneutralized solution after one ¥¢
40° and one month at room temperature. T
of the decomposed solution remained at 10.3

solution made acid exhibited no change in th
min content after storage for twe mouths

vitamin content was determined spectrophot®
cally using a suitable blank.
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q aqueous solutions of a mixture of cyano-
pnit aud ascorbic acid were prepured. To
Jution was added NaliDTA.  Both solutions
i of about 2.5. After sixty days at 40°,
Jample containing NaliDTA had retained
- of vitamin Biz and 72305 of ascorbic acid
sed Lo 35.9% and 6.1, respectively, in
Loer sample,  The period of study was oo
w make possible conclusions regarding the
kstabilization noted. luvestigations are being
ped, The cyanocobalumin content wis de-
wd by the chemical method.

% Efiect of Various Vehicles.- Solutions of
pobalamin and ascorbic acid were prepared
Lying solvents 1108t commonly used in vitamin
wntions (Table I). Several of these vehicles
rused to prepare solutions containing both
pobalamin and ascorbic acid. The cyano-
cmin determinations were made by the chemi-
mthod. A high conceutration of propylene
JIwith water, glycerin, or Sorbo, and a mixture
werin and Sorbo were found to afford maximum
tily conditions for ascorbic acid (Table II).
wobalamin was found to be stable in a wide
vy of solvents. It has questionable stability
ith concentrations of propylene glycol and in
815 containing glucose (Tuble 1) A study
ile IV indicated that vehicle C, composed of
iparts, by volume, of propylenc glycol and
vin, afforded maxinum stability conditions for
wure of cyanocobalamin and ascorbic acid.

DISCUSSION

019, trituration in mannitol provided crystal-
Janocobalatnin in a form which was con-
mtto weigh and handle. A stabilizing effect
Vsolution of ascorbic acid by mannitol was
The unsatisfactogy use of liguefied phenol
P as a preservative for cyatiocobalamin has
Yonfirmed (4).
tercentage of propylparaben in the finished
r;‘;“ was not known, the excess having been
s _."lft. but the amount present was apparently
"Et“; inthibiting mold growth in all samples
Mudy,

&

I —Eppect OF TEMPERATURE ON STA-

v P SOLUTIONS ConTAINING 10 £ 2 MICrO-
¥ CYANOCOBALAMIN PER Cusic CENTIMETEK

Percentuge of
Cyanocobatamin Retained,
Days

:“' °ge 30 60
5 100 100 .
RT 96.8 o0 .4
b 40 #8.6 65 4
b 100 100
RT 100 R8.2
K 40 100 85.2
! 5 ppt.b
RT e 87.1
! 40 " 2.0
5 81.6 Ce
RT 77.2 .
¥ 40 76.2 .
b 96.4
RT e 90.3
40 - 88.9

N . . [
’K.:g""’.m. temperature {25--30°),
recipitation occurred.

Although the chemical method of analysis of
cyanocobulumin may have indicated no decomposi-
tion, all vehicles containing mixtures of cyano-
cobulamin aud ascorbic acid exhibited various color
changes on storage. Tt is believed that the color
changes were a result of wscorbic weid decomposi-
tion. The observation leading to this belief was
bused on the ability to reproduce the color changes
exhibited by solutions of cvanocobalamin and aseor-
bic acid, undergoing decomposition on storuge, by
adding ascorbic acid wolutions in various stages of
decomposition 1o an undecomposed  solution  of
cyunocobalimin. It is known that ascorbic acid
solutions, initially colorless, decompose with the
production of yellow to brown solutions, depending
on the extent of decomposition.

Freshly prepared  solutions of cyunocobalamin
and ascorbic acid are pink due to the cyanocobala-
min content;  the color gradually changes, how-
ever, to orange and finally to brown. The rapidity
of the colur chauge is dircetly related to the rate of
color development in a solution of ascorbic acid with
the sume vehicle. A color wheel shows that the
colors red (or pink from the cyanocobalamin) and
yellow (decomposed ascorbic acid solutioun) combine
to form an orange color (cotor of solution of cyano-
cobalamin and ascorbic acid after storage). Since
ouly after the color starts turning a deeper orange
toward orange-brown is there any indication of a
cyanocobalamin loss by the chemical mnethod, it
is suspected that the decomposition products of
ascorbic acid play an fmportant part in the decom-
position of eyanocoebalamin.  Table V suminarizes
the color changes that occur in solutions of ascorbic
acii and in solutions of mixtures of cyanocobalamin
and ascorbic acid on storage. The colors appear-
ing in the bottom row of the table may be produced
by combining solutious with the colors indicated in
the first two rows.

SUMMARY

The optimum pH for stability of ascorbic acid
in solution was found to be above 6.0 but below
7.0. The optimum pH for cvanocobalamin is
between 4.5 and 5.0. The most favorable pH
for a mixture of cvanocobalamin and ascorbic
acid appears to be between G.band 7.0,

Tetrasodium ethylenediaminetetraacetate has
a stabilizing effect on ascorbic acid in distilled
water. Unlessacidified,ithasa deleterious effect
on cvanocobalamin. A slight stabilization was
noted at elevated temperature on the active in-
gredients when the complexing agent was in-
cluded in a mixture of cvanocobalamin and
ascorbie acid.

Ascorbic acid was found to be most stable in
high concentrations of propylene glyeol with
distilled water, glyeerin or Sorbo, and a mixture
of glveerin and Sorbo. Cyanocobalamin  was
found to be stable in u wide variety of vehicles,
It has questionable stability in high concentra-
tions of propylenc glycol and in vehicles contain-

O
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Tane IV, EFypcr oF TEMPERATURE ON STABILITY OF SoLuTions CONTAINING 10 £ 2 M}CROCRA
CYANOUOBALAMIN AND S50 + 5 MILLIGRAMS OF Ascorsic Acin per Cunic CENTIMETER Y

s o o e = Percentrge Retained, Days—--—-———- T ——
Vehi R L U | (e R 1Y) S S ki 1741 150 . »\@
cle et AAC Bis AA Bis AA Bis AA Hi AA B,
A So1000 100 100 T 100 100 100 99.3 100 96.2 100 :
RT .. 965 406 W38 0.3 870 Ce. 83.6 77.3 81.0 oL >
40 1on $5.8 003 050 B0 BOLH TG 79.5 63.7 55.9 ;:
B 5100 100 100 100 100 100 100 100 100 99.2 10n N
RT 100 1M 100 100 100 97.0 100 89.1 100 8.4 91 *
4 100 938 OL0 90 a0 L 7705 907 767 753 &
& HooI 113 TN {00 106 10 100 98.2 100 98.2 100 N
RT 100 100 100 100 100 95.2 100 92.4 100 93.7 100 L
400100 100 100 100 100 87.0 100 91.3 100 83.7 81.9 ;‘f
D 5 100 08.1 160 100 100 99.5 100 90.3 ... oo 100 o
RT 100 8.5 10 ui.8 " 100 9h.4 100 89.5 9.6 B
W0 02 d00 BR e 889 877 854 L. L 7o i"
2 5 100 100 100 100 100 098.9 ... 94.1 953 >
RT 10100 861 1000 858 ... R3S 048 826 806 g0 :
40 100 an.0 M85 95.5  RBH.K 82.0 R6.3 82.3 78.9 7.5 X
F D oo Gelled L N
RT 100 98.5 100 89.0 100 8.0 93.1 83.6 81.3 77.6
40100 R85 100 7.0 90,2 64.8 8.3 62.5 65.2 54.2
G 5 ... 100 oo Gelled ..,
RT 10 100 100 91.2 100 8.6 96.5 7.9 8.7 71.9
0 996 997 013 8.4 896 759 78.2 64.3 718 54.8 ...
I 5 100 100 96.8 100 Q2.7 100 92.6 92.5 92.7 Lo 8k g g
RT 86.7 91.0 72 89.5 57.9 87.0 48.3 80.5 36.5 0
40 822 387 774 ... %7 ... 594 o
J 5 90.7 Pptd . - - .
RT 85.5 : 84.2 .
40 . 82,9 70.5
hf 5 100 9.9 100
RT 71.2  08.3  51.7 6.8
40 26,6 T7.0 73.5 .. ces

* RT = Room temperature (25 30°). ¢ Ascorhic acid.
4 Cyanocobalamin d Precipitation occurred.

TABLE V.—-5UMMARY 0F COLOR CHANGES IN SAMPLES OF ASCORBIC ACID AND CYANOCOBALAMIN-ASU
Acip SOLUTIONS IN PROGRESSIVE STAGES OF DEecomposiTionN

: g Py e S SS SN

Initial 1 2 3 4 s

Cyanocobalamin Pink Pink Pink Pink - Pink Pink

Ascorbic acid Colorless .- Slight Yellow Orange Brownish Bros
yellow orange

Cyanocohalamin- Pink Peach Yellowish Orange Brownish Bros
ascorbic acid : orange orange

Vol. XLy
: N

ing glucose. A vehicle composed of ecual parts
of propylene ylveol and glveerin ufforded maxi-
mum stability conditions for a mixture of cvano-
cobalamin and ascorbic acid. There was about
80G¢ retention of evanocobalamin and NHGr Te-
tention of ascorbic acid in this vehicle after six
months’ storage at 10°.  There was no loss of
cvanocobulamin and about 10€; loss of ascorbic

acid on storage for six months at room tem;
ture. ) ‘

It is suggested that the decomposition pry
of ascorbic acid plav an important part i
decomposition of cvanocobalamin, Inve
tions are continuing on various phases of
problem, and it is expected that the resultsy
published.
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Blood and Bone Marrow Changes in Elderly Patients, with Special
Reference to Folic Acid, Vitamin B,,, Iron, and Ascorbic Acid

M. BATATA* Mp.; G. H. SPRAY,} B.SC, M.A, D.PHIL. ; F. G. BOLTON,f M.D,, MRC.P.,, M.C.PATH.
G. HIGGINS,§ B.sc.; L. WOLLNER,§ M.B., MRC.P.

Brir. med. 7., 1967, 2, 667-669

The prevalence of anaemia and the occasional unexpected
finding of low serum folic acid and vitamin-B,, concentrations
~ in aged inpatients prompted this investigation.

Anaemia, usuaily with normoblastic haemopoiesis, is common
in the elderly (Bedford and Wollner, 1958 ; Lawson, 1960 ;
Geill, 1962). Serum folic acid concentrations may be in the
lower half of the range found in younger healthy people
{(Hansen and Nystrom, 1961), while decreased serum folic acid
levels in 40 out of 50 entrants to an old people’s home, with
increased excretion of formiminoglutamic acid in 31 of the
50, have been reported by Read ef ol. (1965). Reduced intake
of food was thought to be the likely cause of folic acid
deficiency in this group. Fifteen of a group of 50 apparently
healthy aged subjects living at home also had serum folic acid
concentrations below the range accepted as nmormal by Read
et al. The serum vitamin-B,, concentration has been found to
be reduced in old people (Mollin and Ross, 1952 ; Boger et al.,
1955 ; Chow ¢t dl., 1956 ; Gaffney et al., 1957 ; Cape and
Shinton, 1961 ; Geill, 1962) though some authors could not
confirm this (Killander, 1957). Droller and Dossett (1959)
found that, although age itself had no effect on the serum
vitamin-B,, concentration, patients with confusion or with
senile dementia had significantly lower concentrations. The
amount of ascorbic acid in the leucocytes of old people who
had been lving at home has been found to be abnormally low
(Denson and Bowers, 1961).

A survey by the King Edward’s Hospital Fund for London
(1965) has shown progressive reduction in food intake with
increasing age in healthy women living alone.

Patients Studied and Methods Used

One hundred consccutive patients newly admitted to the care
of one of us (L. W.) at Cowley Road Hospital, Oxford, were
studied. Patients who had received antibiotics, chemotherapy,
or blood transfusion within two wecks before admission or
folic acid, vitamin B,,, ascorbic acid, or vitamin supplements
within one month before admission were excluded. Of the
patients studied, 27 men and 73 women, the normal sex
“distribution for the hospital, 12 were aged 60—69, 49 were aged
70-79, and 39 were aged 80 and over (Table I).

Al patients had a full clinical assessment, which was
recorded in detail on a prescribed form. Dietary and social
history was also recorded,

e
and Sex

TasLg 1l.—Distribution of Patients Aged 60 and Over According to Age

No. of Pallicnls

Towl

Male ! Female |

60-64 1 ‘ 5 6
65-69 1 5 6
70-74 6 13 19
75-79 9 . 21 1 30
5084 6 : 18 ! 24
85-89 3 8 ’ 1

90 and over 1 3 4
27 | 73 l 100

Huaemoglobin concentration and blood counts were done on
venous blood by standard methods.

Bone-marrow Examination.—Ninety-four patients submitted
to bone-marrow examination. Bone-marrow films were stained by
the May-Griinwald-Giemsa sequence and also for haemosiderin
with a filtered mixture of 2% potassium ferrocvanide solution
and 2, hydrochloric acid maintained at 56° C. for 20 minutes.
The percentage of normeblasts containing haemosiderin (sidero-
blasts) was determined and the marrow was classified into four
grades depending on this percentage (grade 1, 0-10% ; grade 2,
11-20%, ; grade 3, 21-50% ; grade 4, 51%, and over). Values
over 20% were considered to be normal, in keeping with the
normal ranges of 16-69°, (Lawrence, 1959}, 24-81% (Douglas
and Dacie, 1953), and 20-90"; (Kaplan ef al., 1954).

Serum vitamin-B,, estimations were made by the method of
Spray (1955), Lactobacillus leichmanmi being used. The
normal range by this method on 222 subjects studied during
19646 was 140-1,200 yug./ml, of serum (Spray, unpublished
observations). Only 168 of these subjects are included in this
survey. ) )

Serum folic acid estimations were made by the method of
Spray (1964), L. casei being used. The normal range is 2.1-
28 mug./ml. of serum.

Blood ascorbic acid was measured by the method of
Roe and Kuether (1943), using 2,4-dinitrophenylhydrazine,

Results

The patients showed clinical evidence of a wide range of
disorders—S57 had ischaemic cerebral disease, 31 had ischaemic
heart disease, eight had malignant disease, eight had fractures
of femur or humerus, two had frank bleeding from the gastro-
intestinal tract, two others had peptic ulceration, two had
malabsorption, and four had rheumatoid arthritis.

Anaemia and Bone-marrow Results

Anaemia, defined as a haemoglobin concentration of 11.7
g./100 ml. or less, was present in 33 patients. Ten of these
had a hypochromic anaemia with a mean corpuscular haemo-
globin concentration (M.CH.C.) of 309 or less and a
diminished sideroblast count (grades 1 and 2) in the bone-
marrow film. Six were anaemic with M.C.H.C. 30-31.9% and
a diminished sideroblast count, and two had a normochromic
anaemia with a diminished sideroblast count. Thirteen with a
normochromic anacmia and two with a hypochromic anaemia
had large numbers of sideroblasts in the bone marrow (grades
3 and 4).

* Rescarch Assistunt, Nuftield Department of Clinical Medicine, United
Oxford Hospitals,

4 Research Officer, Nuffield Department of Clinical Medicine, United
Oxford Hospitals.

t Consultant Clinical Pathologist, United Oxford Hospitals.

§ Biochemist, Nuficld Department of Clinical Biochemistry, United
Oxford Hospitals, N

§ Consultant Physician, Dﬂ)nrtmems of Medicine and of Geriatric Medi-
cine, United Oxford Hospitals.



668 10 Junc 1967

Sixty-seven patients were not anaemic on admission. In
S the bone marrow was not examined, in 39 the marrow film
showed decreased numbers of sideroblasts (grades 1 and 2), and
in 24 sideroblasts were numerous.

Haemopoiesis was normoblastic in all cases except one, a
woman with reticulosarcoma. Ixamination of the bone marrow
showed a macronormoblastic form of haemopoiesis and the
serum vitamin By, was 310 ;ug./ml and serum folic acid 3.2
mug./ml )

The bone marrow appeared to be of poor cellularity in 21
paticnts, but in only three of these was the haemoglobin con-
centration below 11.7 g./100 ml. .

Serum Folic Acid Concentration (See Fig. 1)

The range obtained in 93 control subjects drawn from
hospital staff and visitors was 2.1-28 mpug./ml. The mean of
79 control subjects aged 17-59 was 7.8 mug., nine of whom
had values between 2.1 and 3, and the mean of 14 control
subjects aged 60 and over was 7.7.

The sera of 99 patients tested gave a range of 0.8-17
myg./ml, with a mean of 4.7. Twenty patients had values
between 2.1 and 3 mug./ml. The difference between the means
of the patients and of the younger control group was highly
significant (P<<0.001). The number of older subjects was
insufficient for statistical analysis, There was no obvious
difference in levels between the two control groups.

The patients with rheumatoid arthritis, malignant disease,
and malabsorption all had levels in the normal range.

Serum Vitamin-B,, Concentration (See Fig. 2)
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110, these levels were not as low as is usually found in untreated
pernicious anaemia. The difference between the mean of the
patients and the mean of each of the two control groups was
highly significant (P<<0.01).

There was no tendency in the control groups for the
vitamin-B,, concentration to fall with age,

Organic Brain Discase

The mean serum folic acid concentration in our patients with
evidence of organic brain discase was 3.9 mpug./ml., whereas
that in patients without evidence of organic brain disease was
5.8 mpg./ml, a difference which is statistically significant
(P<<0.001). All patients with levels below 2.1 mpg./ml. had
evidence of organic brain disease (Fig. 3). The mean serum
vitamin-B,, concentration in the same group of patients with
evidence of organic brain disease was 348 uug./ml. and that of
the group without such evidence was 376 ppug./ml, a difference
which is not significant (P>0.10). Criteria of organic brain
disease were the presence of abnormal neurological signs
localized to the brain, all of the patients with these signs having
recent or old cerebrovascular disease or, in two patients, persis-
tent mental impairment with air-encephalograms suggesting
cortical atrophy. .

Blood Ascorbic Acid Concentration

Twenty patients had values below 0.2 mg./100 ml. Nine
had values of 0.1 mg./100 ml. or less ; all nine were admitted
to hospital in the winter months,

TasLr IL—Serum Folic Acid Concentrations in Patients Aged 60 and
Over, According to Social State

Serum Folic AcidICor;ccnuatiom

! (mug./ml.
The range obtained in 168 control subjects drawn from Living | <21 | 213 | >3 I Totl
hospital staff and visitors was 140-1,200 pug./ml. The mecan —
of 106 control subjects aged 10-59 years was 425 and of 62 . ‘ No. of Patients
control subjects aged 60 years and over was 429. Forty-one Alone .. .. .. . 2 2 15 19
i ¢ i ith e e °
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140. . I ]dfnugl;\terlson ‘ 3 g Qg 28
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Vatues ‘below 0.2 mg./100 ml. were commonly found in
normal subjects taking 10 mg. or less of ascorbic acid a day
(Medical Research Council, 1953}, though values as low as
0.06 mg. were occasionally found with 20 mg. a day intake,

No statistically significant relation could be found between
the following values: haemoglobinn concentration, sideroblast
count, and serum folic acid, scrum vitamin-B,, and blood
ascorbic acid concentrations when taken in pairs. There was
no correlation between serum folic acid concentration and social
state (Table II).

Discussion

The spectrum of clinical disease encountered in this group of
patients has been briefly described. It was not a group in
which such haematological and vitamin assay findings would
normally bs expected.

A third of the patients were anaemic and a tenth had a
frank iron-deficiency anaemia. In the whole group, evidence
of iron deficiency as judged by reduced sideroblast counts was
common. Normochromic anaemia was frequent, and poor
cellularity of the bone-marrow sample was often found, but
the two were not closely related,

Despite the prevalence of low serum folic acid concentrations
and the general tendency for the serum vitamin-B,, concentra-
tions to be reduced, there was no example of megaloblastic
anacmia, The work of Read ¢f al. (1965) indicated that old
people with low serum folic acid concentrations were, in fact,
deficient in folic acid, so that it is likely that the low levels
in our patients were also indicative of folic acid deficiency.
Presumably the deficiency had not become severe enough to
cause recognizable megaloblastic anaemia in our group of
patients.

Low bload ascorbic acid concentrations were common in the
winter months despite the frequency with which old people
ill at home were supplied with fruit juices rich in ascorbic
acid. Any deficiency that there may have been was not
sufficient to cause clinical scurvy, :

Megaloblastic haemopoiesis due to folate deficicncy in seven
patients with peripheral neuritis and/or myelopathy was
described by Grant ef al. (1965). They thought that the most
plausible explanation for the association was that neurological
disease caused folate deficiency by interfering with appetite.
This may have led to deficiency of other vitamins necessary
for nerve function. Improvement brought about by folic acid
in some cascs may have been associated with improved appetite
and subsequent improved intake of unknown factors.

Reduced serum folic acid levels and megaloblastic anaemia .

have been described in epileptics receiving anticonvulsant
treatment. Malpas et al. (1966) confirmed that folic acid levels
were often low in such patients, and they thought that anti-
convulsant drugs which included barbiturates played a part
along with nutritional deficiency. Fifteen of our patients had
been taking barbiturates within one month before admission,
but only three of these had subnormal serum folic acid levels.

Inquiry into the food intake of our patients led us to believe
that this was often poor, but the difficulty of making an
assessment on newly admitted gravely ill patients is very great
and accurate information is lacking. In many cases there
seemed to be no lack of availability of food ; for instance,
there was no greater tendency for low serum folic acid levels
to occur among those living alone than among those living
with younger relatives. The association with organic brain
disease in our patients and of cord or peripheral nerve discase
in the cases of Grant ef al. (1965) suggested that physical
disability or illness and disinterest in food were important
factors. The part played by barbiturates is not clear, but
interest in food might be blunted by treatment with them. In
some cases sufficient suitable food was probably not available
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0189

669

Brrrisy
Mipical JourNaL

because of loss of interest, difliculty in swallowing, immobility,

or poverty.,

Reduced intake of food and malabsorption seem to be the
two more likely causes of our findings and those of Read ef af.
(1965). We are puzzled by the lack of multiple deficiencies in
the same patient on ecither score. Marked individual idiosyn-
crasy of dict might be responsible, but this seems unlikely.
Malabsorption would tend to cause combined deficicncics of
several factors in the same patient.  In any case malabsorption
on such a wide scale would be unlikely unless some process
such as subclinical mesenteric ischacmia was much more wide-
spread than is at present recognized.

It has recently been suggested that vitamin supplements
would be of value to the elderly person living alone and that
folic acid in doses of 25~50 pg. a day b given (Read ef a.,
1965). Before such treatment is generally adopted it is our
view that the problem should be more clearly defined. Our
findings did not suggest that the old person at home alone was
more likely to be deficient in these than a person living with
relations. If apathy and disinterest and physical disability are
more important than lack of availability of food then the pro-
vision of dictary supplements will be unlikely to solve the
problem, for the supplement will be no more likely to be caten
than the food. Such supplements might even be dangerous
in elderly people who could not be relied on not to exceed
the recommended dose. In our view, if folic acid is given to
the clderly, consideration should also be given to the need for
providing parenteral vitamin-B,, treatment in addition.

Summary

Patients newly admitted to a geriatric department for various
reasons often showed evidence of iron deficiency and low
serum folic acid concentrations, Serum vitamin-B,, concen-
trations and blood ascorbic acid concentrations were also
diminished. An association between organic brain disease and
low serumn folic acid was found. Possible reasons for the
finding arc discussed.

We are indebted to Professor L. J. Witts and Dr. Sheila Callender
for advice, to Mr. J. R. P. O'Brien for facilities in the Nufhield
Department of Clinical Biochemistry, 10 Mr. A. Barr for statistical
analyses, and to Dr. L. Cosin for facilities at Cowley Road Hospital,

Requests for reprints should be addressed to Dr. F. G. Bolton,
Churchill Hospital, Oxford.
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Reactions of Cyaocobalamin and Aquocobalamin with Proteins.* (22268) -

Warrace R. BauriepeL, JosErst C. PICKEN, Jﬁ., AND LELAND A, UNDERKOFLER.1
(Introduced by Earl A. Hewitt.)

lr'etcri'nary Medical Research Institute and Department of Chemistry, Towa State College, Ames, la.

It now appears probable that absorption,
transport, storage and function of cobalamins
“are accomplished by vitamin-protein com-
plex formation. Although there is ample evi-
dence that cobalamins are bound by protein-
dtcous  substances present in gastric and
Hundenal secretions, blood serum, liver tissue,
aned mill there is relatively little information
‘oncerning the nature of bonds involved in
the binding reactions. Cooley and co-work-
¢rs(1) postulated that cobalamin-protein re-
&ctions may oceur vin cobalichrome formation
a'_“““ﬁous to the formation of ammonia and
&Stidine cobalichromes. Van der Zant and

* Part of these data were presented at 39th Annual
Meeling of Federation of Am. Soc. for Exp. Biol,
San Francisco, Apr. 11, 1055,

t Present address, Takamine Laboratory, Clifton,

Underkofler(2) presented evidence that sug-
gests participation of both cobalt and sub-
stituted benzimidazole of cobalamins in co-
balamin-gastric mucosal extract reaction.
Absorption spectrum of purified cyanocobala-
min-gastric protein complex, reported by
Wijmenga and co-workers(3), indicates that
cyano-group may still be present in the com-
plex.  Gregory and Holdsworth(4) reported
the isolation of a similar cobalamin-protein
complex from sow's milk and presented evi-
dence indicating that the cyano-group is not
dizsplaced in the formation of this complex,
and that the complex will not accept a second
cyano-group. The latter authors made an
extensive study of this binding reaction and
concluded that tyrosyl residues of proteins
but not sulfhydryl or amino groups, may par-
ticipate. This investigation presents further
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PIG. 1, Dialysis eells and rotation apparatus.

evidence concerning mode of linkage involved
in cobalamin-protein reactions.

Dialysis method. Obvious inconsistencies
in bacterial inhibition(5,6) and bacterial up-
take(7) methods for differentiating free and
bound cobalamins led to adoption of a dia-
Iytic procedure and radioisotope assay. Ini-
tial trials using dialysis bags and dialyzing to
equilibrium or exhaustion, indicated that
these . methods were time-consuming and
mechanically awkward. By standardizing

-the volume, memhrane area and agitation a
short-term or partial dialysis method was de-
vised. Three identical Plexiglas dialysis cells
were used. ' Each cell half contained a milled-

.out channel of about 30 ml capacity and a
filling hole. The membrane, Visking dialysis
tubing slit along one edge, was stretched be-
tween the two sections, separating and sealing
the channels when cell halves were bolted to-
gether.  Cells and rofation apparatus (3
r.p.m.} are shown in Fig. 1. In use, 25 ml

#-of buffered protein-Co"-labeled cobalamin
mixture were dialyzed against equal volume
of the same huffer for 4 hours in the dark at
room temperature. Both solutions were then

_subjected to radio assay using a G-M liquid

counting detector. Concentration of protein
- ,was adjusted to bind about half of the la-
‘beled cobalamin present. Using dialysis rate
of free cobalamin, as determined by omitting
protein from one of the 3 cells, the amount of

cobalamin rendered non-dialyzable by a

given amount of protein was calculated.
"Radioactive cobalamins were derived from a

Co%-labeled preparation (225 pc/mg cabala-
min) obtained from Merck and Co. on AEC
allacation. Cyanocobalamin (vit. Bia) was
prepared by treatment of an aqueous solution
of this preparation with an excess of NaCN
followed by nitrogen aeration in the dark at
pH 6.5. Aquocobalamin (vit. Bys,) was pre.
pared by simultaneous ilhumination and nitre.
gen aeration of an aqueous solution of thig
preparation at pH 5.5, All subsequent opera-
tions using these preparations were carried
out under conditions of minimum light,
Dialysis rate of vit, By, followed Fick's dif.
fusion Jaw, that is, directly proportional {4
concentration differential across membrane
constant temperature and membrane arey,
and was unaffected by buffer type or concen-
tration, or pH over the range 2 to 10. Dialy-
sis rate of vit. Bya, was less straightforwarg,
being complicated by adsorption by the cello-
phane membrane, and perhaps dimerization,
the effect being more prominent in media of
low ionic strength. By using 0.2 M phos-
phate buffer reproducible dialysis of vit. By,
was obtained at observed rate approaching
that of vit. B]g.

Results, Using the partial dialysis method,
it was found that many proteins bind vit. B a,
to a much greater extent than vit. By, as
indicated in Table I. Although not hitherto

TABLE 1. Binding of Vit. B, and B,, by Pro-
teins,

N Bound cobalamin,
Cmpg/mp Nt

. ‘ Bl!) I%li’hl Buh

Protein preparation*

Whole hemolysed blood 0 3,8 —
Hemolysed red cells 0 3.0 —
Plasma - : 0 5.0 - T
Plasma, heat denaturedt 0 58 . —
Albumin (Armour) 0 ~3.0 g
Lysozyme, 2X crystallized - 0 ‘o o
Lysozyme, alkali denatured§ 0 S 370 —

Ovalbumin . o 0 3T -
Trypsin, 2 erystallized 0 2.5 5
Pepsin, ” =~ " . .0 51—
Gastric mucosal extraet . 340 340 1320

* Preparations contained 1 mg N/ml (0.013 mg
N/ml for gastric mucosal extract) and 7.6 mug co-
balamin/ml in 0.2 M phosphate buffer. Blood
preparations were of bovine origin.

t Sensitivity ea. 0.2 mug eobalamin/mg N,

t Heated at 100°C for 6§ min.

§ Ineubated in 0,1 N NaOIT at 37°C for 2 hr.

pHOGG pH GG pll4d

019%
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reported, this difference in extent of reaction
between the two forms of vitamin can be ex-
pected as manifestation of cobalichrome
formation. It was found that denaturation
increased the vit. By., binding capacity of
plasma.and lysozyme. The binding capacity
of 3 preparations was markedly decreased in
acid media. Unreported spectrophotometric
studies(8) indicated that vit. Bisp-histidine

-reaction is similarly depressed in acid media,"

as expected, and .that histidine is the only
amino acid giving evidence of cobalichrome
formation in neutral solution. Similar com-
pounds such as histamine, imidazole, carno-
sine, histidyl histidine and pyridine were
found to form cobalichromes with vit, By,
Tlowever, it cannot be inferred that benzi-
midazole is the only possible vit. By, binding
site, for it was observed(8) that substances
such as cellophane, filter paper, heparin, and
nucleic acids (DNA and RNA) rendered non-
dialyzable considerable amounts of vit. Biay.
These substances did not bind measurable
amounts of vit. By.. The vit. Bi2, bound by
these substances and by the protein prepara-

tions was released by treatment with excess of

cyanide in neutral solution.

The binding of as much as § mug of vit.
B, /mg of N by plasma is of interest for the
physiclogical level is in the order of only 0.02
mpg of cobalamin/mg of N. Pitney, Beard
and Van Loon have reported(9) that natur-
ally occurring cobalamins are present in alpha
and beta globulin components and that these
Components may also bind additional
amounts of cobalamins, presumably vit. Ba,
. to a maximum of about 0.05 mug/mg of N.

‘The position of bound lubeled vit, Bie and
Byay in bovine serum was determined by sub-
jecting to paper electrophoresis exhaustively
dialyzer  serum-cobalamin mixtures, and
measuring radioactivity of the separate pro-
tein components(10). Scrum used in this
study was found (o retain 4.3 mug vit, B,
or 0.092 mug vit. Byo/mg of N, after exhaus-
tive dialysis. Results presented in Table 11
indicate that all fractions of serum partici-
pated in binding of vit. By, whereas only
beta and gamma globulin components bound
vit, B]g.

TABLE II, Position of Bound Co®-Cobalamins in
Bovine Scrum Fractions Obtuined by Paper Elec-

) troplioresis.
———= Percent of activity -~
a- 8 +-glob-
Preparation Albumin vling
Serum +- Co®-1,,, 7 28 20 ]T’;“
S : 0 0 &2 18

An entirely different situation was encoun-
tered in studying reaction of cobalumins with
swine gastric mucosal extract. This extract
consisted of water soluble, 50% ulcohol in-
soluble, nondialyzable components of Ventri-
culin (Parke-Davis). As shown in Tables 1
and II, this preparation bound rather large
and equal amounts of vit. By, or Biay,, and
binding of one form of vitamin was essentially
blocked by prior excess of the other. o

The effect of pH and excess cyvanide on

.

TABLE IIT. Binding of Vit. B,, and Bym by the
Gastrie Extract (GE).

Bound labeled
cobalamin,t
Components* mug/mg N
GE -+ Co®.B,, 350
GE 4+ excess By, + Co™-B,,t 0
GE 4 Co®™ R,,, 350
GE + cxcess By, 4 Co%-B,,, 1 15

* Preparations contained 0.013 mg N/ml, 7.6 mug
labeled cobalamin/ml, and 2 ug nonlabeled cobala-
min/ml, in 0.2 M phosphate buffer of plrf 6.6,

t Sensitivity ca. 10 myg eobalamin/mg N.

t Gastric extract and uonlabeled cobalamin al-
lowed to react before adding labeled cobalamin.

TABLE IV, Effect of Hydrogen Ion Concentr.a—
tion and Execss Cyanide on Binding of Vitamin
B,, by Gastrie Extraet.

Bound vit. B,,, mug/mg N

pI* No CN- Excess 0N~
2 320 —_—
4 320 —
6 330 —
6.6 340 340
8 320 —_—
10 330 a5n
10 340 250t
10 330 2008
11 220 80
12 90 0

* Preparations contained 0,013 my N/ml and 7.6
mug Co®-B/ml in 0.8 M pliosphate buffer.

t Gastric extract and B,, allowed to react before
adding eyanide. In ull others, cynnide and By,
mixed before adding gastrie extract.

i Contained 0.4 mg NaCN per ml. All others con-
tained 0.1 mg NaCN/ml,
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TABLE .V. Fate of G)':iun—(mnup of Vil. B,y in
the Vit., B,-Gastrie Xxivaet Reaction,

Gastric 11,0
(*\‘trm t eontrol

Treatment

L‘\ re muwdnutm]l\ ln N;.u‘x mon

Imdark, mpgs 86 —
Jlluminnlod, mug 15 -
Idem 8 b

By added in dark, gy 4.5
(CN~ equivalent, mpgr)

CN- recovered by N, acrition
I dark, myuy 14 12

Hhuminated, myg 78 83
B, bound,* up 3.4 —
(( N- cqun.llmxt m,u ((»(») —-

* Jh‘t(xmm(d ln the partial dinlysis “method.

hinding of vit. By by this extract is shown in
Table IV. The reaction was essentially un-
affected by pll changes from pH 2 to 10
but. was inhibited in more basic solution. Ex-
cess cyanide had no effect in neutral solution,
but exerted a progressive inhibition above pH
10. The order of addition of excess cyanide
and labeled vit. B to gastric extract did not
affect the magnitude of inhibition. FExcess
cyanide did not affect the dialysis rate of free
cobalamin. These data suggest that cobala-
min is bound to this protein through the posi-
tion sought by the second cyano-group.

That the cyano-group of vit. Bj: is not
displaced by the binding reaction is indicated
by data presented in Table V. The cyanide
method of Boxer and Rickards(11) was used.
Gastric mucosal extract was first freed of
cyanide by nitrogen aeration at pH §. La-
beled vit. Bjz was then added and cyanide
again determined, first after aeration in the
dark, then while being illuminated. The
amount -of vit. By, which had actually been
bound by gastric extract was subsequently
determined by partial dialysis. It appears
that the first cyano-group is not displaced by
the binding reaction, but remains in a photo-
labile position, presumably still with the
cobalamin structure.

The effect of several treatments on vit. B;a-
gastric mucosal extract reaction, as studied
by partial dialysis, is shown in Table VI.
The reaction was not affected by type or con-
centration of buffer. The effect of heat was
similar to that reported by others using bac-

RracrioNs oF COBALAMINS WITH PROTEINS

terial assay methods(2,12;13) and indica.les.

that the complex is as heat-labile as the un-
reacted hinding substance at pH 6.6. The
report that cobalt-benzimidazole mixtures in.
hibit the reaction(2) could not be confirmed
by this method. The suggestion that protein
sulfhydryl groups may be involved in hinding
was shown to be unlikely, for the reaction
was unaffected by excess para-chloromercuri-
henzoate. . A cobalt porphyrin, reported ty
promote growth of vit. By-requiring micro-
organisms(14) was found to have no marke
effect on the reaction,

Discussion.  The marked reactivity of vit.
By, suggests that suitable precautions shoul
be taken against photoconversion when at-
tempting to study vit. Bjs-protein reactions,
TFor example, heparin and nucleic acids were
found to bind vit. Bya,, and not vit. Bys as
had been reported(15). The binding or ad-
sorption of vit., Bja,, by substances such as
cellophane and filter paper point up difficul-
ties involved in ascribing a physiological
function to substances showing vit. Bys),-bind-
ing activity. Data presented in Tables I and

TAB/LE VI. REffeet of Various -Treatments on
Binding of Vit, B,, by the Gastrie Extract.

Bound
] S . vit. B,,,
Treatment ; mug/mg N
Effect of buffer at pHGb o .
No buffer v -~ 350
.1 M phosphate = . 320
2 " B T 330
4 ” W 330
.2 M acetate LT < 340
Heating the gastric extract S
60°C, 1 hr ST 830
100°C, 7 - . 180
Heating the B,,-gastrie complex B
60°C,1hr . ‘4 330
100°C, - 180 .
Rengents Molar excess*
CoCl, 2 X 10® : 320
Benzimidazole' - 3 x 100 - 330
" ,CoCl, - ¥ ,2 % 10° 320
" ” ’heatf " s ” 270
p-Chloromereuribenzoate 1 X 10¢ 340
Cob.llt -hematoporphyrin 1 X 10° 310

* Relative to original B,, coneentration, 7.6 mug
per ml or 5.6 X 10* M.

t Heated at 100°C for 10 min. pnm to addition
of B,,, Gastric extract alone given same heat
treatment bound 290 myg B,,/mg N,

019%
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1T suggest that binding of vit. Bis, by pro-
teins, possibly via a cobalichrome linkage
with histidine residues, is a rather general re-
action involving little structural specificity of
the proteins involved, and may thercfore be
of little physiological significance. ]

The limited study of the cobalamin-gastric
mucosal extract reaction reported here is in
general agreement with the more exiensive
study of Gregory and Holdsworth(4) who
used ultrafiltration to study binding of wvit.
Bi» by an isolated milk protein. However,
there appears to be some discrepancy con-
cerning the effect of excess cyanide on the re-
action or reaction product. Gregory and
Holdsworth observed no changes in absorp-
tion spectrum of cyanocobalamin-milk pro-
tein complex in presence of excess cyanide at
pH values.as high as pH 11. The data pre-
sented here indicate that dicvanocobalamin,
in presence of excess cyanide, does not react
completely with gastric extract, that excess
cyanide dissociates pre-formed cyanocobala-
min-gastric_ extract complex, and that these
reactions are dependent upon cyanide con-
centration and pH., These results may rep-
resent a difference in nature of the binding
reaction by the 2 preparations, or a difference
in molar excess of cyanide used in the two
situations. Although there have been reports
{16,17) that cobalamin-peptide complexes
are split by cyanide in neutral solution, the
possibility exists that these are cobalichrome
type structures and thus more susceptible to
cyanolysis. .

Summary. 1. A short-term dialysis pro-
cedure has been developed for studving co-
balamin-protein reactions. 2. Aquocobala-
min (vit. B,s,) was much more reactive than
cyanocobalamin, being bound in rather large
‘amounts hy several protein preparations of
diverse origin. In several instances binding
was increased by denaturation and decreased
in acid media. 11 is suggested that this type
of binding may occur via cobalichrome forma-
tion. 3, A gastric mucosal extract bound

large and equal amounts of acquocobalamin
and cyanocobalamin, apparently at the same
binding site. Excess cyanide has no effect
on the cyanocobalamin-gastric extract reac-
tion in neutral media, but exhibits an inhib-
iting effect at high pll levels. In this reac-
tion the cyano-group of cyanocobalamin is
not released, but remains in a photolabile
position. 1t is suggested that the cobalt atom
participates in the reaction and that it js the
position occupied by the substituted benzimi-
dazole mmety that is involved.
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INFANTILE GENETIC AGRANULOCYTOSIS ASSOCIATED WITH
CHANGES IN SERUM VITAMIN B,: BINDING PROTEINS

M. E. J. BEARD, P. NEWMARK, M. E. SMITH and A. W. FRANKLIN

From the Departments of Hacmatology and Chitd Health,
St Bartholomew's Hospital, London, England

Neutropenias occurring during the neonatal
period have been recently reviewed by Kauder
& Mauer (16). One of thc most serious forms
of such neutropenias, infantile genetic agranu-
locytosis, was first described by Kostmann in
1956 (18). In this condition there is a severe
defect in the production of neutrophil granu-
locytes, the alfected children presenting with
bacterial infections during the first few weeks
of life and often dying in infancy.

There are two main vitamin B,. binding
proteins in serum (i1) an a-globulin, transco-
balamin 1 (TCI) and a g-globulin, transcobala-
min II (TCII). In normal adult serum nearly
all the endogenous vitamin By, is bound to
TCI and only a small fraction is carried on
TCIL. TCII however, has a considerable capac-
ity to bind added By, whereas the binding capac-
ity of TCI is almost completely saturated. Early
studies on serum showed that both the endoge-
nous B,» level and the unsaturated vitanmin
B,. binding capacity were elevated in condi-
tions of granulocyte proliferation (2, 24).
These findings suggested that TCl was a break-
down product of granulocytes and the pre-
sence of B,s binding protein in these cells was
demonstrated by'Mollin & Ross (24). Meyer
et al. (23) subsequently showed that mature
neutrophil granulocytes contained the highest
concentration of this protein. Radioisotope
studies in vitro have confirmed that a TCl-like
protein can be synthesised in granulocytes (7,
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29) but recent evidence suggests that it may
secreted into the plasma from the intact cells
rather than occur as a breakdown product 3,
7). Tn addition to TCI and TCI a third vita.
min B,. binding protein has been described in
cord and neonatal scrum by Kumento etal
(20) and Kumento (19). This appears to be an
a-globulin of similar molecular weight to TC1
but by contrast docs not carry endogenousl
B,. and thus its B;. binding capacity is un-|
saturated. It probably disappears from thc|
plasma within a few weeks of birth. ‘

In this paper the clinical course of a case
of infantile genctic agranulocytosis is de-|
scribed. In view of the severe defect in granu
locyte production serum By» binding proteins
were analysed. Electron microscopy of bone
marrow cells was undertaken in an attempt to
define more precisely the  morphologic
changes present in the granulocyte cells in this
discase.

Clinical summary

D. B. was born on 15th February, 1969 following 2
full-term gestation and normal pregnancy and delivery.
The birth weight wus 3.4 kg. He progressed normall
until the 6th day when a small area of erythema was
observed around the umbilicus. Apart from a rectal
tempezrature of 38.5°C (101°F) the physicul examina
tion was normal. Over the next few days the erythem
spread and was accompanied by induration of the
surrounding skin extending to § ¢m in diamster (Fig.
1). The umbilicus remained dry. These signs presented
a most unusual appearance. quite unlike that fourd
even in severe purulent infections of the umbilict
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Fig. 1. Case D). B. at 21 days of age.

At 3 weeks an erythematous indurated area about 0.5
tm in diameter was noted in the left groin. Pus was
not found in either of these two lesions and no
erarlocytes were seen in the slight serous discharge.
A s:ab from the umbilicus grew a haemolytic strepto-
oc. 5. Despite continuous antibiotic therapy (see Fig.
3t : umbitical sepsis and fever continued until death.
5 weeks of age the abdomen suddenly became
div Jed due to both hepatic enlargement and ascites
ar. -t this time the serum bilirubin was 5.3 mg/100
ml . 4 the serum glutamate oxalate transaminase 335
Unit- Repeated paracenteses during the remainder of
his fe removed about 2 litres of clear bile stained
flui.. The baby gradually became cachectic and died
on <% May at the age of 11'/: weeks.

Family history

Botli parents are healthy and unrelated. The father
Was aged 40 and the mother 29 at the time of con-
®plion, The only abnormality detected in either pa-
fent was a slight eosinophilia of 450 to 700/mm?* In
the father this eosinophilia was present on three of

¢ four occasions his blood was tested. In the mother
the cosinophilia was noted on two of four occasions.

0200
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There are two normal sibs. one older and the other
younger than D. B.

Investigations

A nearly complete agranulocytosis persisted from the
first blood counts when 6 days old to the time of
death (Fig. 2). A very occasional neutrophil was seen
and in 27 differentials (2700 cells counted) only 3
neutrophils were noted. This was associated with a low
grade eosinophilia (up to 1400’ 'mm® and a marked
monocytosis (up to 5000 mm®). The lymphocyte counl
was usually between 4 000-7 000, mm®, The hacmo-
gtobin level was persistently low and a transfusion was
requircd when 26 days old. The platelet count was
initially normal. These findings are summarised in
Fig. 2. No maternal leucocyte agglutinins were pres-
ent. Immunoglobulin  levels. stool tryptic activity
and urinary excretion of amino acids were all nor-
mal.

The bone marrow was examined on two occasions
and was of increased celtularity. No neutrophil granu-
locyte precursors beyond the promyelocyle stage were
present. The marrow differential is shown in Table
1. A number of the promyelocytes werc morpho-
logically abnormal with prominent cytoplasmic vacuo-
lation (Fig. 3). The marrow revealed a marked lymph-
ocytosis with increases in both cosinophils and plasma
cells. Small clear vacuoles were present in some of
the plasma cells.

Electron microscopy of the bone marrow showed
that many of the eosinophilic granules were ab-
normal. The granules weire ring-shaped with pale
central areas (Fig. 4), and the normal crystal structure
was not seen. The vacuoles in the plasma cells were
also demonstrated (Fig. 5). Much granular material
was present in macrophages (Fig. 6). In several areas
of the marrow, collagen fibres were present (Fig. 7).

Dircct chromosome analysis of bone marrow cells
failed to reveal analysable mitoses on two occasions.
Stimulation of peripheral blood lymphocytes by phy-
tohaemagglutinin gave normal chromosome findings.

Serum B;: was measured by E. gracilis assay (1).
The B level was 208 pg/ml when the serum was
heated prior to assay and 105 pg'ml without heat
treatment. Bi; bound 1o TCI only becomes available
to microbiological assay organisms after destruction
of TCI by boiling. B,. attached to the § globulin
binder (now known as TCIl) can be assayed without
boiling (15). The unsaturated B,. binding capacity (10}
was 445 pg/ml. Separation of Bi» binding proteins
by gel filtration on Sephadex G. 200 was undertaken
using the method of Hom et al. (13). The results of
the separation are shown in Fig. 8. No definite bind-
ing of added radioactive B.. (*Co cyanocobalamin)
was seen in the position occupied by the TCl and
foetal binders (peak at tube no. 70) which are not
separable by gel filtration (19).

Post-mortemnm Findings

The body was that of a wasted infant. Thare was
much bil~ stained fluid in the peritoneum with many

Acta Padiat Scand 61

912



528 M. E. J. Beard et al.

5 f 1o glltnl.
10} —__\/\\
5t 120 m. packed red cells
PLATELETS/mm’®
300,000
200,000
0,000t
Weg/mn?
] 15,000[- . . *
10000}
5,000 % /\__'.__4

——
W
[ JampicitLin CEPHALORIDINE
NYSTATIN P20 CLOXACILLIN

Temperature °C (Rectal)

i "

20 30 40 50 60
Y
« One neutrophil noted. DAYS

fibrinous adhesions. The cells in the peritonecal
exudate were almost entirely mononuclear cells and
eosinophils but a very occasional neutrophil granulo-
cyte was seen. The liver was enlarged (340 g) and
showed extensive centrilobular parenchymal necrosis,
fibrosis and calcification. No thrombi were present
in the main hepatic veins, but there was extensive
occlusion of small hepatic venous radicles and this
presumably gaused the liver cell necrosis. Recent
thrombi were also present in the small pulmonary
arteries, epididymis, thyroid, retroperitoneum, uand
renal veins. The spleen (31 g) and left inguinal
lymphnodes were enlarged. The other lymphnodes
were normal in size, and the thymus was noled to be
atrophic. The retroperitoneal lymphnodes exhibited
severe lymphoid cell depletion. but the inguinal nodes
and the spleen were normal except for a small area
of necrosis in one inguinal node. No definite bucteria
could be identified with any of the tissues exa-
mined.

COMMENT

Infantile genetic agranulocytosis was Ffirst de-
scribed by Kostmann in 1956 (18). In his series
skin and respiratory infections during the first
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Fig. 2. Clinical course of case D. B.

Table 1. Marrow differential count (1000 cells)

expressed as a percentage

Control
Case normal
D.B values®
Myeloblast 1.5 0-2
Promyclocyte 1.5 04
Myelocyte None 1.5-13.5
Metamyelocyte None 4-31
Segmented neutrophil None 2-27
Eosinophil myelocyte 3.5 0-1
" Eosinophil metamyclocyte 3.5 0-!
Segmented cosinophil 1.5 0-1
Segmented basophil 0.2 0
Procrythroblast None 0-0.5
Early normoblast 1.0 0-1.5
Intermediate normoblast 2.5 0-3.5
Laie normoblast 4.0 1--15
Plasma cell 0.5 0
Lymphoblast 2.5 0.5-3
Prolymphocyte 4.0 —
Lymphocyte 69.8 27-73
Reticulum cell 4.0 0

4 Gairdner ct al. (8).

913



SRR B
5 £
(TS
e .‘J’§ :
e ]

. gm R
Fig, 3. Marked vacuolisation of promyelocytes. The
finer vacuolisation present in plasma cells is indicated
by the arrow. x 1 500.
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weeks or mounths of life were the presenting
features and in most cases the affected chil-
dren died during the first two or three years
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Fig. 5. Plasma cell showing endoplasmic reticulum
and inclusions. x 15 000.
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Fig. 4. Eosinophil showing abnormal granules.
x 15 000.
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of life. Examination of blood and marrow in
several of these children revealed a severe
neutropenia with an “arrest” of neutrophil

Fig. 6. Macrophage containing granular material.
x 10 000.
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Fig. 7. Collagen fibres in bone marrow. x 15 000,

granulocyle production in the bone marrow
at the myelocyte~promyelocyte stage. A high
incidence of consanguinity was present in
Kostmann’s cases and he concluded that the
disease was probably caused by an autosomal
recessive genetic defect. Subsequent reports
have been reviewed by Gilman et al. (9) who
point out that the mechanism of inheritance
was not always similar to that described by
Kostmann, since many occur as single cases
with no other affected family members. The
severity of the impairment of granulocyte pro-
duction is variable, the milder defects carry-
ing a better prognosis. Several cases reports (3,

©

o
-
~N

fie ¥,
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9) include children still alive in the second de-
cade of life, alithough in one instance death
from leukaemia has been noted in these older
children (9). The present case illustrates sev-
eral of the findings described in Kostmann’s
monograph. Skin sepsis was the initial featu .
and this appeared during the first week of Iif -,
Therc was selective involvement of neutropt |
granulocytes; apart from a slight reduction
the haemoglobin level the other cells deriv. |
from the bone marrow were normal or i .
creased during the first few weeks of life.
normochromic normocytic anacmia and
mild but transient thrombocytopenia then ¢ -
veloped. It seems likely that vascular obstry -
“tion to the small tributaries of the hepatic vi g
causcd the sudden onsct of hepatic enlargm. .t
with ascites. Tt is possible that this and ine
terminal intravascular thrombosis were cop.
sequential to the umbilical sepsis and periton.
tis. No macroscopic “abscesses” were presen(
at the time of death and this is an unusual
feature, but the appearances at post mortem
were probably modified by the continuous
antibiotic therapy and the severity of the gra.’
nulocyte production defect.

Several morphological abnormalities of
blood and bone marrow cells were described
by Kostmann. The presence of eosinophilia
and monocytosis is a common finding. In the
marrow there is usually a marked lymphocyto-
sis. The granulocyte precursors are frequently
abnormal and Kostmann recorded that pro-
myelocytes and myelocytes were often atypical
with lobed and vacuolated nuclei. Vacuolation'
may also alfect the cytoplasm and this is illus-
trated in Fig. 3. This vacuolation is similar
to that seen in chloramphenicol toxicity (27)'

!
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after ingestion of alcohol (25) riboflavin defi-
diency (21) and phenyladunine deficiency (6).
No information was obtained from the elec-
tron microscopy studies concerning the nature
of this granulocyte vacuolisation. Abnormal
granules were present in some but not all
eosinophils and none of the cosinophil gran-
ules contained the characteristic crystals.
Chromosome findings have been reported in
only one previous case described as infantile
genetic agranulocytosis (22). There must be
some doubt over the diagnosis in this case
since the 37 day old infant had a severe pan-
cytopenia and was thus quite unlike the cases
described by Kostmann. Direct bone marrow
chromosome study revealed many abnormali-
ties but examination of peripheral blood
lymphocyte chiomosomes was not reported.
In our case dircet marrow chromosome analy-
sis failed, but chromosome analysis of periph-
eral blood lymphocytes was normal. Schroe-
der & Kurth (28) grouped Kostmann's Agra-
nulocytosis together with Fanconi’s Anaemia
as conditions in which a high incidence of
chromosome breakuge is known to occur.
This seems premature since the evidence for
this is based on the above report (22), and
furthermore in our case lymphocyte chromo-
'somes were normal in contrast to the many
abnormalities found in Fanconi’s Anaemia.
1 normal adult sera TCI is largely saturated
wi 1 endogenous B, and on addition of radio-
ac ve By, in vitro, 50-90% of the radioactivity
bi 15 to TCH (12). However, in nconatal se-
Teo:oas little as 10% of the added radio-
ac ‘vity may bind to TCIL (19) the rest being
bo .nd to the TCI and/or foetal binders. The
5¢ 1m from case D. B. had a low unsaturated
Vi min By, binding capacity and all the added
Lacioactive By, was bound to TCII (Fig. 7)
thus indicating the absence of any foetal bind-
¢r and the absence of any unsaturated TCI.
The serum B;. level of case D. B. (208 pg/ml)
Wus below the normal range for a child of
|that age (17) and about 50% of the.serum
,Blg could be assayed without boiling the sc-
f'um, Thus the amount of TCI present in the

Infantile genetic agran: - ssis 531

serum of D. B. has a total vir . 2 By, bind-
ing capacily of only about 10+ g ml

The results in the present e show that
there 1s probably a total abscnce of foetal
binder and @ marked reduction of TCI in the
serum. This is consistent with the current
hypothesis that serum TCI is largely derived
from mature neutrophil granulocytes and
furthermorc provides indirect evidence that
the foetal binder may be derived from the
same cells. The small amount of saturated
TCI present may have been derived from
monocytes, as these cells have been shown to
contain a By, binder indistinguishable from
that in granulocytes (4). It is unlikely to have
come {rom ecosinophils (23). The presence of
a relatively large proportion of serum vitamin
B;» which could be assayed without boiling

may be a result of liver cell necrosis which-

can lecad to release of free B, or TCII bound
B, into the serum (14, 26).

SUMMARY

A case resembling infantile genetic agranulo-
cytosis is reported. A nearly complete absence
of necutrophil granulocytes in the peripheral
blood was associated with an arrest of neutro-
phil granulocyte formation at the promyelo-
cyte stage in the bone marrow. Electron micro-
scopy of bone marrow revealed abnormalities
of both eosinophils and plasma cells. Studies
of vitamin B,. binding proteins showed a
marked reduction of TCI and/or foetal bind-
ers.

The significance of these findings is dis-
cussed. They provide indirect evidence that
TCI and/or foetal By, binding proteins are
derived from developing and mature neutro-
phil granulocytes. Further studies of B,. bind-
ing proteins and of bone marrow morphology
should be-undertaken in congenital defects of
granulocyte production.
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j\l(’l‘l(‘l,li.\' and  editoriuls  appearing
in the literature are emphasizing with
increasing frequency the relationship be-
tween radiation and leukemia.”* Statistical
studics of the incidence of leukemia in
.1(1i<)l()tri\t\ Hiroshima victims, and re-
cipients of “radiation therapy have revealed
increased incidence of leukemia following
roentgen-ray exposure.! This phmomcnon,
late in developing,makes causal relationship
difficult to assess. Relativelyv little experi-
mental work and very hittle’documentation
of the possible mechanisms involved have
been reported.

There are at present two principal ap-
proaches to the study of the mechanisms
involved in leukemia. The first and perhaps

most popular is the report by a number of
observers that leukemia can be transmitted
by an agent similar to a filtrable virus. The
second approach is the attempt to demon-
strate in the leukemias biochemical ab-
normalities which might be responsible for
the disease. Neither of these approaches
has been entirely successful to date. There
are many and obvious blank spaces in our
knowledge of the mechanisms of human
leukemia. discassion of these mecha-
nisms is still highly theoretical, but evidence
is now accumulating which makes a theo-
retical discussion of etiologic relationships

“timel v,

In 19354 we reported the finding of exces-
sive amounts of pmtun bound vitamin B,
in the blood serum of patients with myelo-
evtic and monocytic leukemia, both acute
and chronic.'** This phenomenon is not
present in lymphatic leukemia, In innu-
merable determinations in patients with
both acute and chronic mvelocvace and
monocytic leakemia, the finding ot protein-
bound B values of tfrom two to hfteen

BEARD, M.D.t
KENTUCKY

times the values of normal sera has been
consistent, and numerous other observ
ers have now verified this finding. Fle
vations of scrum B,. have also been re
ported in cirrhosis of the liver, and occu
sionally in myelofibrosis and polyeythemin
vera. The serum B, elevations in cirrhosi.
of the liver present certain differences
consisting chiefly of saturation of the pro
tein binding and a normal clearance of co
balt 60 Jabeled B,s. The elevations that arc

reported occasionally in myelofibrosis and

polvcythemia reflect on the nature of these
diseases, since both have many features in
common with myelocytic leukemia.

These elevated serum B, values in leu-
kemia are protein-bound B, values as
measured by the Euglena gracillis technique
of microbiologic assay. The Fuglena gracil-
lis is an organism which is capable of differ-
entiating between protein-bound and free
B A typical sampling of normal bound
B, values as compared with nonlymphatic
leukemias is shown in Figure 1.

The protein binding of B2 in the serum
as studied by microbiologic assay with
FEuglena gracillis and paper electrophoresis
was reported by us in 1954." In the normal
serum almost all of the bound B,. can be
recovered in the cut strips which exhibit
alpha globulin mobility. A typical meas-
urement of this phcnomenon snpenmposed
on a Tiselus curve is shown in Iagure 2.
Repeated studies of this phenomenon by
microblologic assayv have been consistent.
Attempts to locate the binding with Co™
labeled Bia have not been successful in our
hands.

Study of the location of the bound B..
by similar techniques in the nonlymphatic
leukemic sera has also revealed the rather
specifie alpha globulin location of the bind-

* Presented at the Forticth Annual Mecting of the American Radium Society, Hollywoad, Florida, March 27-29, 19¢8.
This study was made possible by grant Noo A 2, Umited Srates National Enstitutes of Health.
F Assen tate Prateaar of Medicime and Head of l)nmnn of Hematology, University of Louisville School of Medicine, Louisville,

Kentuehy,
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BOUND Bj, VALUES IN NORMAL
AND LEUKEMIG SERA
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ing. This is illustrated in Figure 3. While
the location of the bound B, has been in
the fractions of alpha globulin mobility,
repeated electrophoretic study of the leu-
kemic sera has failed to disclose an exces-
sive amount of alpha globulin, and we feel
that the difference in binding is qualitative
‘rather then quantitative.

Studies of this abnormal binding have

VITAMIN Bjp GONTENT OF ELECTROPHORETIC
FRAGTIONS OF NORMAL SERA
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VITAMIN B2 CONTENT OF ELECTROPHORETIC
FRACTIONS OF LEUKEMIC SERUM
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been intercsting. I vitro studies of normal
sera show, by bioassay techniques, a rather
limited capacity for the sera to bind Bi..
An increase approximately twice the nor-
mal values seems to be maximum. Studies
of the leukemic sera, on the other hand,
reveal an almost unlimited capacity to bind
B... This is demonstrated in Figure 4. I»
vivo studies also reveal a very abnormal
capacity to bind By., as shown in Figure s.

IN VITRO BINDING OF NORMAL AND
LEUKEMIC SERUM
ADDED BOUND Bjz AFTER ADDITION OF
1000 MICROGRAMS B2 PER ML.SERUM
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Studies of the plasma clearance of Co®
labeled B, in the normal and in the leu-
kemic likewise reveal marked differences.
In the leukemic individual, if relatively
enormous doses of nonradioactive By. are
given parenterally, the binding capacity of
the serum can be saturated and the plasma
clearance returned to normal (Fig. 6).
There is some evidence to indicate that
the protein bound Bi. is the biologically
active form of the vitamin. Most biochem-
ists are agreed thar vitamin Blsis an essen.
tial tactor in the synthesis of nucleopro-
teins. Whether excessive amounts of protein
bound By, can result in excessive nucleo-
proteins in the leukemias as has been
reported 1s rather controversial. We have
approached this question indireetly in two
ways: (1) We have attempted to lower
artificially: the high bound B, values in
patients with lenkemia, Figure 7 shows the
result of such an attempt by using exchange
transtusions. The high 